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PIIEFATOIIY  NOTE 


In  the  present  volume  the  writers  have  tried  to  give  a  lucid 
el<»inentary  account,  in  limited  space,  of  the  processes  of  evo- 
lution as  thev  are  so  far  umlerstood.  We  have  turned  to  ani- 
mals  for  illustrative  pur|>oses,  nearly  to  the  exclusion  of  refer- 
ences to  plants,  8imj)ly  because  both  authors  are  zoologists 
and  have  made  use  of  the  facts  most  familiar  to  them. 

Tlie  book  is  comjiosed  primarily  of  the  substance  of  a  univer- 
sity course  of  elementary  lectures  delivered  jointly  by  the 
authors  each  year  to  students  representing  all  lines  of  college 
work.  This  fact,  and  the  desirable  limiting  of  the  book  to  a 
convenient  size  for  the  general  reader  and  student,  account  for 
the  extremely  laconic  treatment  of  various  important  moot 
points  concerning  the  evolution  mechanism,  and  for  the  omission 
of  certain  discussions  which  otherwise  might  well  have  been 
included.  But  on  the  whole  the  authors  feel  that  the  interested 
general  reader  will  find  this  small  volume  a  fairly  comprehensive 
introduction  to  our  present-day  knowledge  of  the  factors  and 
phenomena  of  organic  evolution. 

To  the  general  reader  we  may  perhaps  with  propriety  ad- 
dress the  following  words,  used  to  the  students  in  the  opening 
lecture  of  the  course: 

We  cannot  talk  long  without  saying  something  others  do 

not  believe.     Others  cannot  talk  long  without  saying  something 

we  do  not  believe.     We  wish  you  to  accept  no  view  of  ours 

unless  you  reach  it  through  your  own  investigation.     What  we 

hope  for  is  to  have  you  think  of  these  things  and  find  out  for 

vourselves. 

D.  S.  J. 
V.  L.  K. 

Lkland  Stanford  Junior  Universitt, 
March  SO,  1907. 
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CHAPTER  I 
EVOLUTION   DEFINED 

Grau,  theurer  Freund,  ist  alle  Theorie, 
Und  griin  des  Lebens  gold'ner  Baum. 

— Goethe. 

Men  of  science  repudiate  the  opinion  that  natural  laws  are  rulers 
and  governors  of  nature,  looking  with  suspicion  on  all  "  necessary  "  and 
universal  laws. — Brooks. 

This  volume  treats  of  the  elements  of  the  science  of  Organic 
Evolution.  To  this  science  belongs  the  consideration  of  the 
forces  which  govern  the  changes  in  organisms.  It  includes  the 
influences  which  control  development  in  the  individual  and  in 
the  species  which  is  the  succession  of  individuals,  together  with 
the  laws  or  observed  sequences  of  events  which  development 
exhibits.  From  another  point  of  view,  this  is  the  science  of 
life — adaptation.  The  term  Bionomics  O8109,  life,  vofws,  order 
or  custom),  first  suggested  by  Prof.  Patrick  Geddes,  is  essen- 
tially equivalent  to  the  older  term  Organic  Evolution,  the 
science  of  the  facts,  processes,  and  laws  involved  in  the  mutation 
of  organisms.  For  many  reasons,  this  new  name,  Bionomics, 
with  its  technically  exact  meaning,  should  be  preferred  to  the 
phrase  Organic  Evolution,  as,  imlike  the  latter,  it  involves  no 
philosophic  assumptions. 

That  organs  and  organisms  do  change  from  day  to  day,  and 
place  to  place,  and  from  generation  to  generation  is  an  observed 
fact,  which  now  admits  of  no  doul)t.  The  orderly  arrangement 
of  our  knowledge  of  this  process  constitutes  a  branch  of  science. 
To  use  the  word  evolution  in  regard  to  this  process  is  to  use  a 
philosophic  term  in  connection  with  a  grolip  of  scientific  facts. 
For  the  word  evolution  means  unrolling.     It  carries  the  thought 
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2  EVOLUTION  AND  ANIMAL  UFE 

that  something  which  was  previously  hidden  is  now  brought  to 
light.  This  leads  naturally  to  the  philosophic  suggestion  that 
whatever  is  evolved  must  be  previously  involved.  This  may 
be  true  as  a  matter  of  words,  but  not  necessarily  so  as  a  matter 
of  fact,  unless  we  reduce  these  words  to  the  simple  meaning 
that  the  actual  now  must  have  been  the  possible  before;  what- 
ever actually  takes  place  was  a  possibility  before  it  happened. 

The  word  evolution,  then,  belongs  to  philosophy  rather  than 
to  science.  In  the  philosophy  of  nature  the  idea  that  present 
conditions  are  brought  about  through  unrolling  or  unveiUng 
has  had  a  long  existence.  The  word  evolution  has  been  fre- 
quently applied  to  the  process  of  growth  and  maturity  of  the 
individual  animal  or  plant,  and  again  to  the  process  of  deriva- 
tion of  species  from  ancestral  organisms,  and  again  to  the  pro- 
gressive changes  in  the  forms  of  inorganic  bodies,  as  planets 
or  mountains.  Each  one  of  these  meanings  is  essentially  dis- 
tinct from  the  others,  and  each  is  distinct  from  the  theory 
of  evolution  which  existed  in  the  dawn  of  biological  science. 
When  men  first  began  to  notice  the  changes  in  the  animal 
embryo,  through  which,  from  the  formless  egg,  little  by  little, 
the  individual  was  built  up,  becoming  at  each  stage  of  the 
process  larger,  more  s|>eciaUze<l,  and  more  like  the  parent 
from  which  it  sprang,  it  was  natural  to  regard  this  process  as 
an  unrolling.  It  wjis  natural,  too,  to  sup|X)se  that  the  egg 
was  not  really  formless,  but  that  the  In^ginnings  of  each  part 
of  the  final  organism  existed  within  it  in  fact,  if  we  could 
Bee  them.  Hence  evolution  took  the  form  of  a  theory  of 
encasement.  Men  imagined  that  the  egg  of  the  chicken  con- 
tained a  minute  chicken,  and  that  within  this  chicken  were 
the  germs  of  the  eggs  the  future  hen  would  Ixmr;  and  again, 
that  encased  within  each  of  these  eggs  was  an  endless  series  of 
the  eggs  and  chickens  of  all  the  future.  In  like  fashion,  men 
conceivcMl  that  in  the  small  human  egg  were  the  Ixxlies  and 
embryos  of  count l(*ss  future  generations.  In  some  theories, 
this  idea  of  enca.st»ment  was  applied  not  to  the  egg,  but  to  the 
male  germ,  the  homunculus  or  minute  man  in  whom  the  gener- 
ations of  the  future  were  enfolded  and  from  which  thev  un- 
rolh^i. 

The  i>erfection  of  the  microscoj)e  as  an  instrument  of  pre- 
cision did  not  verify  these  theories  of  (»ncasement.  The  egg 
still  ap])eared  essentially  formless,  a  mass  of  undiflerentiated 
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protoplasm,  or  at  least  without  traceable  lineaments  of  the 
future  embryo.  It  was  a  single  cell,  apparently  essentially  like 
any  other  cell,  a  single  one  of  the  units  of  structure  of  which 
living  organisms  arc  made. 

Thence  arose  the  theory  of  upbuilding  or  epigenesis  (cirii 
upon,  ycKccris,  birth)  of  organisms,  by  the  addition  of  cell  upon 
cell,  to  the  original  germ  or  egg.  Bich  egg  cell  by  segmentation 
divides  into  two  daughter  cells,  and  these,  through  the  influence 
of  heredity,  naturally  arrange  themselves  so  that  a  new  organ- 
ism is  formed  similar  to  the  parent  organism.  It  was  recognized 
that  the  form  was  predetermined  by  the  ancestry,  but  no 
longer  that  the  embryo  was  literally  released  from  encasement 
within  the  structure  of  the  egg.  The  evolution  of  the  individual 
is  thus  conceived  as  the  realization  of  an  hereditary  tendency. 

But  "hereditary  tendency"  is  again  a  metaphorical  ex- 
pression. In  biology,  we  know  no  "influence"  or  "tendency" 
which  is  not  locahzed  somewhere.  Any  act  or  modification  of 
an  act  is  a  function  of  some  particular  organ.  To  account  for 
the  likeness  involved  in  the  facts  of  heredity,  we  must  expect 
to  find  some  form  of  organic  mechanism. 

Such  mechanism  must  exist  within  the  germ  cell  itself,  and 
its  existence  as  the  "physical  basis  of  heredity"  is  now  well 
established.  In  a  later  chapter  we  shall  discuss  the  nature 
of  this  physical  basis,  the  structures  within  the  nucleus  of  the 
germ  cell  which  control  or  preside  over  the  development  of  the 
individual.  From  our  knowledge  of  the  operation  of  the  cell 
in  heredity  we  recognize  the  facts  of  epigenesis,  and  with  these 
a  theory  of  individual  evolution,  much  more  subtle  than  the 
old  theory  of  encasement. 

We  may  therefore  still  imagine  the  maturing  of  the  individ- 
ual organ  as  a  process  of  evolution,  or  unrolUng,  of  the 
hereditary  plan  as  hidden  in  the  structure  of  its  cells.  We  may 
also  speak  of  the  same  process  as  a  development.  To  envelop 
is  to  make  snug.  Development  is  its  opposite.  To  develop 
is  to  make  free  or  independent. 

From  the  evolution  of  the  individual  it  is  natural  to  extend 
the  use  of  the  word  evolution  or  the  word  development  to  the 
changes  which  characterize  the  history  of  a  species  or  other 
group  of  animals  or  plants,  a  process  which  has  also  been  called 
transformism  or  transmutation.  This  word  transmutation  de- 
scribes   the   process  more   Uterally  than   either  evolution  or 
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development.  That  species  do  change  their  stnicturo  with 
time  or  with  si)ace  is  a  matter  of  common  scientific  ol)servation. 
With  the  laiise  of  time, generation  following  generation,  direct- 
ive influences  combine  to  iiuKlify  the  line  of  descent.  With 
the  separation  of  individuals  by  barriers  of  land  and  water 
and  varying  climate,  difTering  lines  of  descent  are  brought  into 
existence.  The  fact  of  descent  with  modification  large  or  small 
is  a  matter  of  common  knowledge  in  the  biology  of  to-day,  veri- 
fied in  the  hundreds  of  thousands  of  species  of  organisms  now 
known  and  classified.  To  call  this  transnmtation  of  s|H*cies  is 
but  to  state  the  fact.  To  call  it  evolution  is  to  suggest  a  th(M)rv 
that  all  these  changes  are  but  the  unrolling  of  the  plan — a  movc^ 
ment  toward  some  pre<let ermined  end.  That  this  is  true  we  have 
no  means  of  knowing,  and  the  results  as  they  api)ear  to  us  seem 
to  be  determined  by  proximate  causes  alone.  Among  these 
proximate  causes  are  differences  in  structure  and  in  degrees  of 
adaptability  among  individuals,  the  ofx^ration  of  the  rule  of 
the  survival  of  the  l)est  adapted,  the  inheritance  by  individuals 
of  the  traits  of  the  inuuediate  ancestrv,  and  the  effects  of  cli- 
matic  changes,  and  of  migrations  hamjx^rtHl  and  unham|)enHi 
by  the  presence  of  physical  barriers.  The  effects  of  influ- 
ence's like  these  are  considered  bv  mast  writers  as  the  es- 
sential  elements  in  ** organic  evolution.'*  Hut  a  few  writers 
give  external  influence's  a  secondary  place,  confining  the  term 
evoluticm  solelv  to  the  results  of  causes  resident  within  the 
individual. 

Speaking  broadly  we  find  as  a  fact  that  transmutation  of 
species  through  the  geologic  ages  has  lK»en  accompanied  by 
increasing  divergence  of  tyi^e,  by  the  increased  s|H'cialization 
of  certain  forms,  and  by  the  closer  and  closer  adaptation  to 
conditions  of  life  on  the  part  of  the  forms  most  highly  si>ecial- 
ized,  the  more  |x*rfect  adaptation  and  the  mor(»  elaborate 
specialization  l)eing  associated  with  the  greatest  variety  or 
variation  in  environment.  Accepting  for  this  process  the  name 
of  organic  evolution,  Herlx»rt  SjH'ncer  has  dcnluced  from  it  the 
general  law  that  as  life  endures  generation  after  generation,  its 
character,  as  shown  in  structure  and  function,  undergoes  con- 
stant differentiation  and  specialization.  In  this  view,  the 
transmutation  of  s|)ecies  is  not  merely  an  observe<l  process,  but 
a  primitive  necessitv  involved  in  the  very  organization  of  life 
itsi'lf. 
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A  process  of  orderly  mutation  is  observed  not  only  in  living 
things  but  in  inanimate  objects  as  well.  The  features  of  the 
surface  of  the  earth  pass  through  a  slow  process  of  unrolling — 
from  primitive  chaos  to  the  diversified  earth  of  to-day.  Mani- 
festly we  cannot  imagine  a  homogeneous  earth  which  could 
forever  retain  its  homogeneous  condition.  At  least  our  universe 
and  our  earth  have  not  done  so.  A  cooling  earth  must  lose 
its  perfect  rotundity,  its  surface  must  become  diversified,  its 
relation  to  the  sun  must  cause  its  equator  to  differ  from  its 
poles.  A  single  homogeneous  form  of  life  on  this  earth  could 
not  remain  uniform  because  it  would  be  thrown  under  varying 
conditions.  It  could  not  be  the  same  under  the  tropical  sun  as 
under  the  arctic  cold,  and  the  individuals  adapted  to  either 
would  tend  to  reproduce  individuals  likewise  adapted.  There 
must,  then,  exist  in  all  things  a  ^^  tendency  "  to  become  special- 
ized and  (lifTorentiated.  In  accordance  with  this  tendencv,  it  is 
conceived  that  nebulous  masses  have  ])een  concentrated  into 
planets  and  the  generalized  creatures  of  geologic  time  have  been 
succeedcnl  by  variant  and  specialized  forms,  their  lineal  de- 
scendants. 

The  universal  formula  of  the  process  of  evolution  is  com- 
pactly state<l  l)y  Herbert  Si)encer  in  these  famous  words: 

"Evolution  is  a  rontimioiis  change  from  indefinit^^  inooherent 
homogeneity  to  a  definite  coherent  heterogeneity  of  structure  and 
function,  through  successive  differentiations  and  int<»^ations.  In 
its  physical  as|)ect  evolutioii  is  further  an  integration  of  matter  with 
concomitant  dissipation  of  motion." 

This  formula  applies  more  or  less  to  all  forms  of  orderly 
change,  that  is,  change  due  to  a  persistent  cause,  a  continuous 
force.  Thus  solar  systems  are  conceivably  formed  from  nebulae. 
Thus  continents  and  mountain  chains,  islands  and  river  basins 
are  shaped.  Thus  organisms  are  derived  from  parent  organisms. 
Thus  all  the  variant  chemical  elements  may  have  been  (hypo- 
thetically)  derived  through  influences  as  yet  not  even  imagined, 
from  the  unkno>\Ti  and  probably  unknowable  primitive  element, 
protyl.  The  general  movement  is  from  the  simple  to  the 
complex,  from  the  homogeneous  to  the  heterogeneous,  from 
the  inexperienced  to  the  experienced,  from  the  undivided  to 

the  divided,  from  the  inchoate  to  the  integrated.     Whatever 
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happens  in  time  or  is  encountered  in  space  promotes  evolution. 
But  the  kind  of  evolution  thus  produced  is  very  different  in 
different  kinds  of  objects. 

Biological  evolution  and  cosmic  evolution  are  not  the  siinie. 
From  the  biological  side  a  certain  objection  must  be  made  to 
this  philosophical  theory  of  universal  or  cosmic  evolution.  In 
organic  and  inorganic  evolution  there  is  much  in  common  so 
far  as  conditions  and  results  are  concj^rned;  but  these  lik(*n(*ss(»8 
belong  to  the  realm  of  analogy,  not  of  homology.  They  are  not 
true  identities  because  not  arising  from  like  causes.  The  evo- 
lution of  the  face  of  the  earth  forces  parallel  chaiigi^s  in  organic 
life,  but  the  causes  of  change  in  th(»  two  cases  an^  in  no  res|K»et 
the  same.  The  forc(\s  or  processes  by  which  mountains  are 
built  or  continents  establishcKl  have  no  homology  with  the 
forces  or  processes  which  transformed  the  progeny  of  reptiles 
into  mammals  or  l)irds.  Ten(ienci(\s  in  organic  developir.ent 
are  not  mystic  purpost»s,  but  actual  functions  of  actual  organs. 
Tendencies  in  inorganic  nature  are  du(»  to  the  interrelations  of 
mass  and  force*,  whatever  may  In*  tlu*  final  meanings  attacluHJ  to 
these  terms  or  to  th(»  terms  matter  and  energy.  It  is  not  clear 
that  sci(»nce  has  been  n»ally  advanced  through  the  conception  of 
the  (essential  unity  of  organic  (»volution  and  cosmic  evolution. 
The  n»latively  little  the  two  groups  of  proc(»ss(\s  have  in  common 
hiis  Imm'Ii  over(Mnphasi/.(Mi  as  compannl  with  their  fundamental 
difTerences.  The  laws  which  govern  living  matt(T  are  in  a  largo 
extt'iit  jK^culiar  to  the  process  of  living.  Processes  which  are 
functions  of  organs  cannot  exist  when*  then*  are  no  organs. 
The  traits  of  protoplasm  are  .shown  only  in  the  pn»sence  of 
protoplasm.  For  this  n»ason  wv  may  well  separate  th(»  evolu- 
tion of  astronomy,  the  evolution  of  dynamic  geology  and  of 
physical  geography,  lis  well  as  the  purely  hypothetical  evolu- 
tion of  clnMiiistry ,  from  the* observed  phenomena  of  the  evolution 
of  lif(».  To  regard  cosmic  evolution  and  organic  evolution  as 
id(*ntical  or  as  phases  of  on(»  process  is  to  obscure  facts  by 
verbiage.  TIhtc  are  essential  elements  in  each  not  shareil  !>y 
the  other — or  which  are  at  least  not  i<lentic:il  when  measurtnl 
in  terms  of  human  (»xiHTience.  It  is  not  clear  that  any  force 
whatever  or  any  secjuence  of  events  in  \\w  evolution  of  life  is 
homologous  with  any  force  or  scfjuence  in  the  evolution  of 
stars  and  planets.  Th(»  unity  of  forces  may  Ik'  a  philosophical 
necessity.     A  philasophical  neces.sity  or  corner  in  logic  is  un- 
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known  to  science.  We  can  recognize  no  logical  necessity  until 
we  are  in  possession  of  all  the  facts.  No  ultimate  fact  is  yet 
known  to  science. 

For  reasons  indicated  above  the  term  evolution  is  not 
wholly  acceptable  as  the  name  of  a  branch  of  science.  The 
term  bionomics  is  a  better  designation  of  the  changing  of 
organisms  influenced  through  unchanging  laws.  It  is  a  name 
broader  and  more  definite  than  the  term  organic  evolution,  it 
is  more  euphonious  than  iany  phrase  meaning  life  adaptation,  it 
involves  and  suggests  no  theory  as  to  the  origin  of  the  phenom- 
ena it  describes. 

It  is  a  matter  of  common  observation  that  organisms  change 
from  day  to  day,  and  that  day  by  day  some  alteration  in  their 
environment  is  produced.  It  is  a  conclusion  from  scientific 
investigation  that  these  changes  are  greater  than  they  appear. 
Not  only  do  they  affect  the  individual  animal  or  plant,  but  they 
affect  all  groups  of  living  things,  chisscs  or  races  or  species. 
No  character  is  permanent,  no  trait  of  life  without  change; 
and  as  the  living  organism  and  groups  of  organisms  are  un- 
dergoing alteration,  so  does  change  take  place  in  the  objects 
of  the  physical  world  about  them.  "Nothing  endures,"  says 
Huxley,  '*save  the  flow  of  energy  and  the  rational  order  that 
pervades  it/'  The  structures  and  objects  change  their  forms 
and  relations,  and  to  forms  and  relations  once  abandoned  they 
never  return ;  but  the  methods  of  change  are,  so  far  as  we  can 
see,  inmuitable.  The  laws  of  Ufe,  the  laws  of  death,  and  the 
laws  of  matter  never  change.  If  the  invisible  forces  which 
rule  all  visible  things  are  themselves  subject  to  modification 
and  evolution  we  have  not  detected  it.  If  these  vary,  their 
aberrations  are  so  fine  as  to  defy  human  observation  and  com- 
putation. In  the  control  of  the  universe  we  find  no  trace  of 
"variableness  nor  shadow  of  turning." 

But  the  objects  we  know  do  not  endure.  Only  the  shortness 
of  human  life  allows  us  to  speak  of  species  or  even  of  individuals 
as  permanent  entities.  The  mountain  chain  is  no  more  nearly 
eternal  than  the  drift  of  sand.  It  endures  beyond  the  period  of 
human  observation;  it  antedates  and  outlasts  human  history.. 
So  may  the  species  of  animal  or  plant  outlast  and  antedate  the 
lifetime  of  one  man.  Its  changes  are  slight  even  in  the  lifetime 
of  the  race.  Thus  the  species,  through  the  persistence  of  its 
type  among  its  changing  individuals,  has  come  to  be  regarded 
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a«  wmiothiiig  which  is  lH\von<l  inodificutioii,  unrhungin^  so  long 
a«  it  exists. 

"I  lx»lieve,*'  siiid  the  rose  to  the  lily  in  the  parable,  "that 
our  gardener  is  iniinortal.  I  have  watched  him  from  day  to 
day  since  I  hlooine<l,  and  I  se(»  no  change  in  him.  The  tulip 
who  die<l  yc»sterday  tohl  me  the  same  thing/' 

As  a  flash  of  lightning  in  the  duration  of  the  night,  so  is  the 
life  of  man  in  the  duraticm  of  nature.  When  one  l(M)ks  out  on 
a  storm  at  night  he  s(»i»s  for  an  instant  the  landsca|M»  illumimxl 
l)V  the  lightning  flash.  All  seems  at  rest.  The  hranch(\s  in  the 
wind,  th(»  flying  clouds,  the  falling  rain,  an*  all  motionless  in 
this  instantaneous  view.  Tlu*  record  on  tlu^  n»tina  takes  no 
account  of  chang(».  and  to  the  (\ve  tlie  change  d(M\s  not  exist. 
Brief  as  the  lightning  flash  in  the  storm  is  the  lif(»  of  man  com- 
pareil  with  the  great  time  record  of  life  upon  earth.  To  the 
untraine<l  man  who  luis  not  U^arncnl  to  read  these  records, 
speci(»s  and  ty|M»s  in  life  are  enduring.  IVom  this  iUusion  arose 
the  thtM)ry  of  sju'cial  cn^ation  and  iHTiuantMice  of  tyiK\  a  theory 
which  could  not  |M'rsist  \\\wn  the  facts  of  change  and  theforc(\s 
causing  it  came  to  1h»  studied  in  d(*tail. 

Hut  wh(»n  men  canu*  to  investigate  th(»  facts  of  individual 
variation  and  to  think  of  their  significanc(\  \ho  current  of  life 
no  longcT  s(HMn(»d  at  rest.  Like  the  flow  of  a  miglity  river,  ever 
8wec»ping  steadily  on.  never  returning,  is  tli(»  movcMuent  of  all 
life.  Th(»  changes  in  human  history  are  only  typical  of  the 
chang(»s  that  take  ]»lace  in  all  living  cn^atures.  In  fact,  human 
history  is  only  a  part  (»f  one  great  life  current.  \\\o  movement  of 
which  is  everywhere  goveriUMi  hy  the  same  laws,  dciK^nds  on  the 
same  forces,  and  brings  alH)Ut  like  results. 

Organic  evolution,  or  bionomics,  is  one  of  tlie  most  com- 
prehensive of  all  the  scienc(»s,  including  in  its  subject  matter 
not  onlv  all  natural  historv.  not  onlv  proc(»ss(»s  like  cell  division 
and  nutrition,  not  only  the  laws  of  Jien»dity.  variation,  segre- 
gation, natural  seltM-tion,  an<i  mutual  help,  but  all  matters  of 
human  history,  an<l  tiie  most  complicated  n'iations  of  civics, 
economics,  an<l  ethics.  In  this  enormous  sci<'nce  no  fact  can 
\h*  without  a  meaning,  and  no  fact  or  its  underlying  forces  can 
lx»  s<»parat<Ml  from  the  gn*at  for<*i's  whose  interaction  from 
moment  to  monu^nt  writes  tin*  irreat  storv  of  life. 

.\nd  as  the  basis  to  the  science  <)f  bionomi<'s.  as  to  all  other 
science,  must  be  taken  the  conception  that  nothing  i>  duv  to 
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chance  or  whim.  Whatever  occurs  comes  as  the  resultant  of 
moving  forces.  Could  we  know  and  estimate  these  forces,  we 
should  have,  so  far  as  our  estimate  is  accurate  and  our  logic 
perfect,  the  gift  of  prophecy.  Knowing  the  law,  and  knowing 
the  facts,  we  should  foretell  the  results.  To  be  able  in  some 
degree  to  do  this  is  the  art  of  life.  It  is  the  ultimate  end  of 
science,  which  finds  its  final  purpose  in  human  conduct. 

"A  law,"  according  to  Darwin,  "is  the  ascertained  sequence 
of  events."  The  actual  sequence  of  events  it  is,  in  fact,  but 
man  knows  nothing  of  what  is  necessary,  only  of  what  has  been 
ascertained  to  occur.  Because  human  observation  and  logic 
can  be  only  partial  no  law  of  life  can  be  fully  stated.  Because 
the  processes  of  human  mind  are  human,  with  organic  Umita- 
tions,  the  study  of  the  mind  itself  becomes  a  part  of  the  science 
of  bionomics.  For  it  is  itself  an  instrument  or  a  combination 
of  instruments  by  which  we  acquire  such  knowledge  of  the 
world  outside  of  ourselves  as  may  be  needed  in  the  art  of  living, 
in  the  degree  in  which  we  are  able  to  practice  that  art. 

The  necessary  sequence  of  events  exists,  whether  we  are  able 
to  comprehend  it  or  not.  The  fall  of  a  leaf  follows  fixed  laws 
as  surely  as  the  motion  of  a  planet.  It  falls  by  chance  because 
its  short  movement  gives  us  no  time  for  observation  and  calcu- 
lation. It  falls  by  chance  because,  its  results  being  unim- 
portant to  us,  we  give  no  heed  to  the  details  of  its  motion.  But 
as  the  hairs  of  our  head  are  all  numbered,  so  are  numbered  all 
the  gyrations  and  undulations  of  every  chance  autumn  leaf. 
All  processes  in  the  universe  are  alike  natural.  The  creation 
of  man  or  the  growth  of  a  state  is  as  natural  as  the  formation 
of  an  apple  or  the  growth  of  a  snowbank.  All  are  alike  super- 
natural, for  they  all  rest  on  the  huge  unseen  solidity  of  the 
universe,  the  imperishability  of  matter,  the  conservation  of 
energy,  and  the  immanence  of  law. 

We  sometimes  classify  sciences  as  exact  and  inexact,  in 
accordance  with  our  ability  exactly  to  weigh  forces  and  results. 
The  exact  sciences  deal  with  simple  data  accessible  and  capable 
of  measurement.  The  results  of  their  interactions  can  be 
reduced  to  mathematics.  Because  of  their  essential  simplicity, 
the  mathematical  sciences  have  been  carried  to  great  com- 
parative perfection.  It  is  easier  to  weigh  an  invisible  planet 
than  to  measure  the  force  of  hereility  in  a  grain  of  corn.  The 
sciences  of  life  are  inexact  because  the  human  mind  can  never 
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grasp  all  their  data.  The  conil)ined  effort  of  all  men,  the  flower 
of  the  altruism  of  the  ages,  which  we  call  science,  has  made 
only  a  beginning  in  such  study. 

But,  however  incomplete  our  realization  of  the  la^^'s  of  life, 
we  may  be  sure  that  they  are  never  broken.  Kach  law  is  the 
expression  of  the  best  poasible  way  in  which  causes  and  results 
can  \)e  linked;  It  is  the  necessary  sequence  of  events,  therefore 
the  best  seiiuenco,  if  we  may  imagine  for  a  mouicnt  that  the 
human  words  "good"  and  *M)ad"  are  applicable  to  world 
processes.  The  laws  of  nature  are  not  executors  of  human 
justice,  r^ch  has  its  own  operation  and  no  other.  p]ach 
represents  its  own  teiidt^iicy  toward  cosmic  order.  A  law  in 
this  sense  caimot  be  "broken."  *' If  God  should  wink  at  a 
single  act  of  injustice/'  says  the  Arab  proverb,  "the  whole 
universe  would  shrivel  up  like  a  cast -off  snake  skin." 

The  laws  of  nature  have  in  themselves  no  necessary  principle 
of  progr(*ss.  Their  functions,  each  and  all,  may  be  defined  as 
cosmic  order.  The  law  of  gravitation  brings  order  in  rest  or 
motion.  The  laws  of  chemical  affinity  bring  about  molecular 
stability.  lIcTcdity  r(»]M*ats  strength  or  weakness,  g(M)d  or  ill. 
uith  like  indifTerencc.  The  j)ast  will  not  let  go  of  us;  we  cannot 
let  go  of  the  past.  Tlu*  law  of  mutual  help  brings  tin*  |H^r|H»t na- 
tion of  weakness  as  wc^U  as  the  stnMigth  of  co()|K»rati()n.  Kven 
the  law  of  pity  is  pitiless,  and  the  law  of  mercy  mercilc^ss.  The 
nerv(*s  carry  sensations  of  j)l(»asure  or  pain,  theniselv(\s  as  indif- 
ferent iis  th(»  trl('graj)h  wire,  which  is  man's  invention  to  serve 
similar  purposes.  Some  men  who  call  themselves  jw^ssimists 
l)ecaus<»  th(»y  caimot  read  good  into  the  oi^rations  of  nature^ 
forget  that  they  cannot  n^ad  evil.  In  niorals  the  law  of  comi>e- 
tition  no  more  justifies  jxTsonal.  official,  or  national  seirishn(».ss 
or  brutality  than  the  law  of  gravitati(»n  justifies  the  shooting 
of  a  bird. 

The  sci(»nce  of  biononiics  cent<Ts  about  th(Mh(M)rv  of  descent, 
the  lM*li(»f  that  orj^ans  and  sjM'cies  as  we  know  them  an"  derivtMl 
from  oth<T  and  often  simj)ler  forms  by  j)rocess(»s  of  <livergence 
and  adaptation.  According  to  this  theory  all  forms  of  life 
now  existing,  or  that  hav<»  (»xisted  on  the  earth,  have  risen  from 
other  forms  of  life  which  hiivv  j)reviously  livt^l  in  turn.  All 
characters  and  attribut<*s  of  s|M»ci<'s  and  grouj^s  have  (levelo|>e<l 
with  changing  conditions  ()f  life.  The  homologies  among 
animals  are  the  results  of  ct)n.mon  descent.     The  differem-es 
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are  due  to  various  influences,  one  of  the  leading  forces  among 
these  being  competition  in  the  struggle  for  existence  between 
individuals  and  between  species,  whereby  those  best  adapted 
to  their  siuroundings  live  and  reproduce  their  kind. 

This  theory  is  now  the  central  axis  of  all  biological  investi- 
gation in  all  its  branches,  from  ethics  to  histology,  from  anthro- 
I)ology  to  bacteriology.  In  the  light  of  this  theory  every 
I)eculiarity  of  structure,  every  character  or  quality  of  individual 
or  s[)eci(\s,  has  a  meaning  and  a  cause.  It  is  the  work  of  the 
investigator  to  find  this  meaning  as  well  as  to  record  the  fact. 
"One  of  the  noblest  lessons  left  to  the  world  by  Darwin/'  says 
Frank  Cramer,  "is  this,  which  to  him  amounted  to  a  profound, 
almost  religious  conviction,  that  every  fact  in  nature,  no  matter 
how  insignificant,  every  stripe  of  color,  every  tint  of  flowers, 
the  length  of  an  orchid's  nectary,  unusual  height  in  a  plant,  all 
the  infinite  variety  of  apparently  insignificant  things,  is  full  of 
significance.  For  liim  it  was  an  historical  record,  the  revelation 
of  a  cause,  the  lurking  place  of  a  principle."  It  is  therefore  a 
fundamental  principle  of  the  science  of  bionomics  that  every 
structure  and  every  function  of  to-day  finds  its  meaning  in  some 
condition  or  in  some  event  of  the  past. 
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varied.  Pasteur  has  defined  fermentation  as  "life  without  air." 
A  host  of  chemical  changes  in  organic  matter,  fermentation, 
putrefaction,  infection  of  disease — all  these  are  the  work  of 
minute  organiHins  none  the  less  real  because  invisible  and  as 
varied  in  form  and  structure  as  in  the  differing  eflfccts  their 
presence  may  produce. 

liach  kind  of  animal  or  plant,  that  is,  each  set  of  forms 
which  in  the  changes  of  the  ages  has  diverged  tangibly  from  ita 
neighl>ors,  is  called  a  species.  There  is  no  absolute  definition 
for  the  word  species.  The  word  kind  represents  it  exactly  in 
common  language,  and  is  just  as  susceptible  to  exact  definition. 


— Kuicuxn  n 


1  Ihe  Culifurnu-Miijj 


The  scientific  idea  of  sjKJcies  does  not  differ  materiiilly  from  the 
popular  notion.  A  kind  of  tree  or  bird  or  squirrel  is  a  species. 
Those  individuals  which  agree  very  ch>sely  in  structure  and 
function  belong  to  the  same  sjK-cies.  There  is  no  absolute  test, 
other  than  the  common  judgment  of  men  competent  to  decide. 
Naturalists  recognize  certain  formal  rules  as  assisting  in  such  a 
decision.  A  series  of  fully  intergrading  forms,  however  varied 
at  the  extremes,  is  usually  regarded  as  forming  a  single  species. 
There  are  certain  recognized  effects  of  climate,  of  climatic  iso- 
lation, and  of  the  isolation  of  domestication.  These  do  not 
usually  make  it  necessary  to  regard  as  diwlinct  sjwcies  the 
extreme  forms  of  a  series  concerned. 

In  the  words  of  the  entomologist  Ranihur,  "A  sjxTies  is  a 
group  of  beings  which  in  successive  genenilions  show  llie  same 
characters  of  organization,  unchnngc*!  so  long  as  the  locality 
and  external  condilions  romain  unchanged." 
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The  nunilHT  of  .s|)ones  actiuilly  existing  is  far  l)eyon(l  ordi- 
nary conceplion.  The  earliest  serious  attempt  to  catalogue  the 
H|M»eies  of  animals  and  plants  was  made  by  Linmeus.  In  the 
tenth  edition  of  his  **  Systema  Naturae  '*  in  175S,  in  the  823  |>agc« 


Fit..  .'{.  -  Hnttle  or  fM'n»«*»t  j^tar-* — ««|»ecifv<  un(letrrfnine«l.     (Naturnl  Mse.) 


dev(»trd  to  aiiiinnls.  he  d(»s<Til)es  and  names  some  four  thousiind 
difTrn»nt  kimls.  dn'at  as  this  iiumher  siM'miMJ,  Limueus  ven- 
tun-fl  to  su^;:<\^t  that  prnhal^iy  his  j)a^es  did  nut  include  half  of 
tln»M'  kinds  of  animals  a<'tually  existing. 

T«>-day  onr  rcfnrd^  contain  dcs<ripti(»ns  of  more  than  one 
liundred  ami  lifty  times  a>  many  kinds  ot"  animals  as  were  known 
to  l.irmaus  and  all  his  predecessors  and  all  his  associates  of  a 
ei'iiturv  an«l  a  hah"  a*ro.  I'.ach  v<'ar.  since  1S()4.  there  has  Ixn^n 
[Mihhsjied  in  London  a  volume  cahed  the  "Zoological  Ueconl.*' 
M:ich  (»f  the  Volumes  larirer  than  the  whole  **  Systema  Natura*" 
■  <*ontain<  the  names  of  the  animaN  new  to  science  which  have 
iM'en  added  to  the  svstem  in  the  vear  of  which  it  treats.     In  the 
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re«>r<i  of  each  year  we  find  about  twelve  thousand  species,  about 
tliree  times  as  many  anjnials  as  in  the  whole  "Systema  Naturic." 
Yet  the  field  shows  no  signs  of  exhaustion.  As  the  volumes  of 
the  "Zoological  Record"  stand  on  the  shelves,  it  is  eaay  to  see 
that  the  later  volumes  are  the  thickest;  and  those  of  the  new 
century,  with  a  general  revival  of  interest  in  systematic  zoology 


and  the  8tudy  of  geographical  (list riliut ion,  arc  the  lliickost  of 
all.  The  depths  of  the  sea,  the  jungles  of  the  trojHi's,  the  crev- 
ices of  the  coral  reefs,  the  tundras  of  the  north,  the  limbs  of 
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trom,  thi3  hftir  of  mamiimlR,  the  fcjithcra  of  birde,  the  hod^rl 
lis<UT«  of  mosquitoes,  all  places  where  animal  life  is  fouru],  are  \ 
being  examined  with  an  ea^ornt^M  not  less  than  tliat  of  the  early  j 
explorere,  while  tho  invcKtiRators  of  to-day  are  amied  with 
every  applianre  that  seif-ncc  ran  deviw.  Yet  now,  an  in  Lin-  \ 
nipiw's  time,  it  is  errtain  Ihnt  not  half  of  the  number  of  spcf^ea 
of  animal  organisms  is  yd  kimwii.     Tin-  (KMI.IHX),  iiiiirt'  or  Iv-^, 


I 


on  our  reRiirters  to-day  arc  certainly  far  loss  than  iialf  of  Ihe 
'  MuUiunx  whieh  aelually  exisl. 

In  boUiny  we  find  the  same  etmditiiinR.  Tliere  aro  fe 
known  »[X'eiei<  of  plants  tlian  aniniaU  by  half,  and  ttiey  are  incir« 
eauly  preM-rve^l  and  IhuuIUhI,  while  the  work  of  rollcrtion  ud 
invest  igaliim  proceeds  on  a  scale  even  more  extensive,  yet  it 
would  In-  n  bold  ntatrment  to  xay  that  we  know  liinlay  hidf  tho 
aperies  of  plantH  that  exist. 

All  thiit  refiTit  to  the  fornm  now  living,  without  refereiwe  to 
ihe  host  which  compoeefl  their  long  anrestry,  extending  baek- 
warvl  towanl  Ihft  dawn  of  erealton.  Tlie  speeiea  have  coou 
down  through  the  geologirnl  agr«,  changing  in  form  and  func- 
tion to  meet  the  varying  needs  of  changing  environment.    This 
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Bt  ion  takes  no  account  of  tlie  si  ill  va«ler  myriads  of  forms 
most  endlessly  varieil   wliidi   have  |>crishetl  utterly  in  tlio 
prcwure  ijf  I'livirimnieiit,  leaving  no  trace  in  t.lie  line  of  doscont. 


f  Of  these  extinct  forms  of  animab  and  plants  wc  know  a  few, 
9  here  antl  another  there:  here  a  Iwne,  there  a  tooth,  here  a 
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apace,  for  these  again  bring  other  events  and  disclose  other 
barriers.  A  closer  observation  will  show  us  that  the  range  of 
variety  is  far  greater  than  is  indicated  by  the  number  of  spefues. 
There  is  not  one  blade  of  grass  in  the  meadow  exactly  like  any 
other  blade.  There  is  not  a  squirrel  in  the  forest  like  any 
other  squirrel,  not  a  duck  on  the  pond  like  any  other  duck  in 
every  detail  of  its  striicture.  If  we  compare  two  rose  leaves 
we  shall  find  differences  in  size,  in  serration  of  the  margin,  in 
the  length  of  the  stalk,  in  the  hairs 
on  the  surface,  in  the  intensity  of 
the  green,  in  the  number  of  breath- 
ing pores  on  the  lower  side.  In 
every  structure  and  function  where 
difference  is  possible  variation  will 
appear.  The  squirrels  or  the  ducks 
will  differ  in  shade  of  color,  in  dis- 
tinctness of  marking,  in  length  of 
limb,  in  breadth  of  organ,  in  every 
way  in  which  there  is  play  for  in- 
dividualism. 

Nor  are  these  differences  limited 
to  matters  of  color  or  form.  There 
are  like  variations  in  function,  in 
tendency,  in  disposition,  in  endur- 
ance. No  two  men  ever  bore  the 
same  features,  no  two  ever  held  the 
same  character,  no  two  ever  lived 
the  same  life.     The  traits  of  the  in-  _ 

dividual,  however  small,  appear  on      "murm.  h'"  iNnViirai  iii*.) 
every  hand.     It  is  by  bttle  traits  of 

emphasis  that  we  recognize  our  friends.  The  same  imlividu- 
absm  is  possessed  by  the  lower  animals  and  by  jilants,  though 
the  differences  in  stress  and  emphasis  in  i'{)lor  and  figure  are 
most  marked  in  creatures  of  the  most  highly  six-cialized  organi- 
zation. In  all  animab  and  all  plants  like  differences  olitain. 
No  two  individuals  of  any  species  are  ever  quite  the  same.  No 
two  germ  cells  of  the  same  parent  are  ever  quite  alike.  No  two 
cells  in  the  I>ody  are  ever  exactly  identical.  Among  plants  of 
the  same  kind  in  the  field,  some  are  cut  down  by  frost  while 
others  persist;  some  are  destroyed  by  drought  while  others  en- 
dure; some  are  Immune  to  attacks  of  rust  while  others  are  ex- 
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Liinatcd  by  such  parasites.  Fill  a  ^ottIe  with  flies.  All  in 
;  will  (lie  of  siifTucalion,  but  a  certain  few  will  outlast  the 
many.  Bring  in  a  number  of  wolf  cubs.  Some  will  become 
relatively  tame — some  will  remain  wolvna,  and  between  the 
nintt  fierce  and  the  most  docile  we  shall  find  all  ranges  of 
varialion.  "  What  nt  nnp  man's  foixl  is  another  man's  poison." 
Tliis  proverb  ia  a  recognition  of  the  principle  of  individuality 
wtiicli  aeaiiii|iunie!t  everywhere  the  fonnation  of  specie.'*,  and 
^^baing  everywhere  prcsrnl.  it  imist   hr  nn  inicsrra!  pnrf  "f  the 

1^  I 


Such  differences  are  not  malter!<  of  Mlnictiiie  iilone. 

lychological   differences,  differences  in    instinct,   in   adiiiHa- 

1  rate  of  nerve  processes  arc  just  as  inarked  as  diffcr- 

jpreM  in  analumy.     Tliey  may  separate  one  a[>ecic3  from  an- 

They  may  be  just  as  decided  within   the  limits  of  the 

*«'i(w  it.'*elf.     Moreover,  the  Ix'ginning  of  variation  is  not  with 

■  individual  or^nisnis.     No  two  cells  are  absolutely  alike, 

'  in  the  variance  of  the  germ  cells,  from  which  individuals 

ring,  all  the  elements  of  their  future  variation  are  involved. 

Witfaout  further  discuseion,  it  is  evident  that  variety  in  life 

^  a  factor  in  tlie  history  of  our  plol)e,  that  it  may  be  exi)reseed 

B  terms  of  number  of  apeci(«,  but  that  the  actual  range  of  varia- 

1  ia  far  greater  than  tlicnumber  nf  siieeies,  and  that  if  causes 

e  t<i  be  judged  by  range  of  effects,  wc  must  find  in  the  origin  of 
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species  the  operation  of  world-wide  forces,  the  cooperation  <rf 
great  infiuenccs,  fur-reaching  in  time  and  space,  as  brood  as  the 
surface  <if  tlic  globe  and  as  enduring  as  its  life.  To  consiilcr 
these  causes  so  far  as  known  is  tiie  purpose  of  this  work.  Our 
problem  is  nn  longer  the  "  mystery  of  mysteries,"  for  in  a  large 
way  by  tlie  work  of  Darwin  and  his  siK'ccasors  the  influen«*es 
promoting  variety  in  life  are  alrcmly  known.  We  know  many 
of  the  different  fiictors  which  prcxlucc  divergence  in  f<irm  and 
adaptation  to  conililions.  But  the  relative  value  of  these 
factors  is  le^  certain,  and  from  time  to  time  other  and  more 


subtle  fuitors  are  hnnitrlU  to  light,  or  the  great  forces  thcm- 
selvcrt  are  jinaly/c<i  into  liner  coniiMinenl  clemeuls. 

But  with  all  that  we  may  say  of  tlie  univer:i!dity  of  variation 
and  the  prevalence  of  indiviiiualisiii,  we  iire  Hjually  impresw-d 
wilh  llie  uiKlerlying  unity.  There  are  only  a  few  tyi>es  of 
struclurf  iininTif.'  iuiiinul.s,  and  in  Ihe.-ic  few  the  U'ginnings  in 
develiipmeiil  are  the  wame.  The  plants  .show  wiinilarly  a  few 
niixles  iif  ih'vel<)i>nieiil,  and  all  ihe  range  of  families  and  fonns 
in  hascil  iin  the  nioditiealimi  of  a  few  jiiinple  lyiK-rt.  MonH>v<T 
all  living  forms,  plants  iuid  animals  alike,  agree  in  the  fumlu- 
Miental  elements.  \n  are  inaile  of  a  fraincwurk  of  cells,  each 
eell  a  simrce  of  energy,  eoiitaining  in  all  easi's  a  semifluid  net- 
work cif  protoplasm,  which  is  finnid  wherever  the  phenomena 
of  life  ap|x-ar.  In  all  the  eells  is  ihe  niyslerions  nuclear  suli- 
Jitance  which  seems  )<>  direel  the  oiHTHtii-iis  of  liere.li(y.  The 
same  laws  or  niethud!i  of  heredity,  variabihty,  and  resitonsc  to 


outnidc  stimulus  hold  in  all  Iho  organic  world.     Wv  call  animals 
»nd  j>lant«  '"organic"  bcttauso  tlicy  are  made-  up  of  organs, 
Bclls,  and  tisHUCB  so  grou|wd  that  hkc  structures  perform  like 
functions.     Wr  could  nut  use 
ft  generic  term  Uke  organic, 
mi-re  it  not  for  the  structural 
rvsemhlances  existing  in  each 
tndividital  in  great  groni«  of 
orgnnisnis.       All     organisms 
have    tlio  impulse   to   repri>- 
duction.     All    are    forced    to 
^  auikv   rtuiMtssion    after    r^oti- 
I  to  their  surroundings 
ud  in  such  conerasions  prog- 
lifo     eoiugste.      At 
I  last    earh   organism    or    each 
,  alliantM!  of  urgiinisms  ts  dis- 
k  solved     liy     tlio     jirociss     of 
pdcath. 

The  imjty  in  life  is  then 
■  not  Ims  a  fart  tliaii  the 
Idivfrwty.  However  great 
■the  emphasis  we  lay  on  in- 
rdjviduality  or  diversity,  the 
IcBHrntiul  imity  of  life  must 
be  forgotten.  Whatever 
ition  we  miiy  find  to  the 
mblciii  of  the  origin  of 
irics,  must  also  explain 
'  spvcics  and  individuals 
r  be  so  much  alike  in  all 
di-tuils  of  strui'lure. 
ow  the  origin  of  B|)eciea 
tiuist  also  know  why 
admit  of  natural 
siificalion.  Why  is  variety 
l)asc<l    on    essential 


From  the  fundamental  unity  of  the  species  of  to-day,  wc 

J  infer  the  similar  unity  of  species  in  past  time.     From  the 

[uowlodge  of  variety  in  unity  comes  the  likening  of  species  of 
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animals  or  plants  to  the  separated  twigs  of  a  tree,  of  which 
the  trunk  is  more  or  less  concealed.  "We  can  only  predicate 
and  define  species  at  all/'  says  Dr.  Elliott  Coues,  "  from  the  mere 
circumstance  of  missing  links.  Our  species  are  twigs  of  a  tree 
separated  from  the  parent  stem.  We  name  and  arrange  them 
arbitrarily,  in  default  of  a  means  of  reconstructing  the  whole 
tree,  in  accordance  with  nature's  ramifications.''    To  continue 


Fkj.  14. — Heron  flyinK.     (After  Marey.) 


the  figure,  in  our  st\i(ii(»s  of  tlic  origin  of  the  twigs  of  the  tree, 
th(M'\ist(MH'(M>f  the  trunk  must  not  he  forgotten.  In  the  life 
of  the  vnrih  variety  in  unity,  unity  in  variety  are  nowhere 
sepiiratcil. 

Another  (v|u:illy  striking  simile*  is  this:  A  8|>ecies  is  an 
ishmd.  a  ^(muis.  an  arehi|MMa^o,  in  a  sea  of  death.  The  sjx^cies 
is  ch^arly  definable  only  as  its  ancestors  and  cousins  have  dis- 
apiH'are(l,  only  in  the  decree  that  the  stages  in  its  development 
are  unr(»pres(»nte<l  in  our  records.  The  genus  is  a  group  of 
8|XM*i<'s,  an  arehijM'la^o  of  islands,  and  there  may  be  every 
coneeivahh*  (l(»grcM»  of  width  or  breadtii  of  channel  which  seems 
to  separate  one  island  or  group  of  islands  from  another. 


CHAPTER  ni 

LIFE,   ITS  PHYSICAL  BASIS  AND    SIMPLEST 

EXPRESSION 

There  can  be  little  doubt  that  the  further  science  advances  the 
more  extensively  and  consistently  will  the  phenomena  of  nature  be 
represented  by  mathematical  formulae  and  symbols.  But  the  man  of 
science  who,  forgetting  the  limits  of  philosophical  inquiry,  slides  from 
these  formulae  and  symbols  into  what  is  commonly  understood  by 
materialism,  seems  to  me  to  place  himself  on  a  level  with  the  mathe- 
matician who  should  mistake  the  x's  and  y's  with  which  he  works  his 
problems  for  real  entities,  and  with  this  further  disadvantage  as 
compared  with  the  mathematician,  that  the  blunders  of  the  latter 
are  of  no  practical  consequence,  while  the  errors  of  systematic  materi- 
alism may  paralyze  the  energies  and  destroy  the  beauty  of  a  life. — 
Huxley. 

In  practice  the  distinction  between  a  live  thing  and  a  lifeless 
one  is  usually  of  the  simplest,  but  to  define  this  distinction  in 
terms  so  precise  that  the  definition  may  be  used  as  an  invariable 
criterion  is  a  problem  of  considerable  difficulty.  The  sheep 
grazing  in  the  field  and  the  soil  under  its  feet;  the  grass  and 
flowers  on  the  one  hand,  and  the  stones  on  the  other  hand,  in 
the  same  pasture;  there  are  no  difficulties  in  the  distinction 
here.  Nor,  indeed,  even  when  we  come  to  consider  the  simplest 
kinds  of  organisms,  the  tiny  one-celled  plants  and  animals  that 
teem  in  stagnant  waters  of  the  wayside  puddle.  As  we  examine 
a  drop  of  this  water  under  the  microscope  we  know  without 
question  what  in  it  is  alive  and  what  in  it  is  dead. 

But  let  us  attempt  to  put  into  words,  into  definite  declaratory 
phrases,  the  characteristics  of  organisms  and  we  find  ourselves 
curiously  impotent.  When  we  come  to  study  analytically 
organic   nature   and   inorganic   nature,   things   animate   and 
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things  inanimate,  we  find  structures  and  behavior  amon|);  inor- 
ganic things  wliich  cannot  be  readily  distinguished  in  defining 
words  from  structures  and  behavior  that  are  usually  taken  as 
characteristic  of  organisms.  On  the  other  hand  we  shall  fin<l  in 
organic  nature  the  very  same  chemical  elements,  and  for  the 
most  part  the  same  combinations  of  elements,  that  we  find  in 
the  great  mass  of  inorganic  world  substance.  So  that  some 
biologists  by  a  detailed  and  keen,  if  somewhat  sophist! oat e< I, 
analysis  of  the  allegtnl  differences  Ix^tween  animate  and  inani- 
mate matter  show  tliat  these  difTeronces  are  not  al)solute,  and 
leave  you  with  a  stone  in  one  hand  and  a  grasshopi)er  in  the 
other  logically  unable  to  define  the  fundamental  difference 
betweiMi  the  two,  and  yet  morally  certain  of  this  absolute 
diflTerence. 

As  a  matter  of  fact  tliere  is  one  distinction  l)etwcH»n  living 
matter  and  non-living  matter  which  even  the  clevcn»st  of  the 
modern  physicochrmical  sciiool  of  biologists  has  as  yot  lH»<»n 
imablc  to  <»xpiaiii  away.  And  that  is  the  inevitable  pn»scnre  in 
living  matter  and  the  in(»vital)le  absence  in  mm-living  matter 
of  certain  highly  coiuplex  chemieal  combinaticms  (»f  <'arlK»n, 
hy<irogen,  oxygen,  nitrogen,  and  sulphur,  called  proteids  or 
albuminous  compounds. 

The  actual  presence*  of  these  clieniical  substancc*s  in  living 
matter  is  made*  manifest  to  us  bv  tlie  plivsicocliemical  lK»}iavi(»r 
of  these  substances:  that  is,  by  our  obscTvation  or  recognition 
of  their  peculiar  attributes.  This  behavior  or  these  |HTuliar 
attributes  or  activities  are  those  fascinating  on(»s  which  we  are 
accustomed  to  call  the  <\ss(*ntial  life  processes.  What  tlH*se 
activities  an*  we  indicate  in  a  not  verv  precise  wav  bv  the 
words  organization,  assimilation,  growth,  repro(lueti<m,  motion, 
irritability,  and  adaptation.  These  essential  life  prociVv^(^  we 
liave  come  l)v  constant  exiKTience  to  associate  ahvavs  and  onlv 
with  a  snbstaiHM*  calli*<l  protoplasm.  Huxley  long  ago  calhsl 
protoplasm,  th<Tefore.  tlie  physical  basis  of  lif<'. 

hut  protoplasm  w<'  have  ftnmd  to  Ix'a  complex  of  sul)stances 
or  chemical  coMi|M»unds.  Of  thes4\  a  certain  few  are  indis|M'n- 
sable  and  fimdamental.  while  others  may  be  absent  or  pn*sent 
without  affect inir  the  particular  capacities  which  niake  proto- 
plasm the  physical  basis  (»f  life*.  This  protoplasm  t(M)  nuist  Ik? 
organi/e<l  in  a  particular  way  in  onler  that  life  niay  |HTsist  in 
the  organism.     It  nuist  ap|x'ar  in  two  ccmditions,  and  j)roto- 
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plasiuic  stuff  representing  these  two  conditions  must  be  disposed 
in  certain  definite  relations.  Protoplasm  must  occur  as  a  cell 
or  cells  to  be  capable  of  performing  the  necessary  activities  of 
life.  Hence  we  must  consider  at  the  very  beginning  of  any  dis- 
cussion of  life  the  two  things,  protoplasm  and  the  cell. 

The  elements  that  compose  protoplasm  are  the  familiar  ones, 
carbon,  nitrogen,  hydrogen,  oxygen,  sulphur,  phosphorus, 
potassium,  sodium,  etc.;  but  these  elements,  or  some  of  them, 
are  found  in  protoplasmic  cells  in  certain  complex  combinations 
which  arc  not  found  elsewhere  in  nature,  and  which  therefore 
actually  and  absolutely  distinguish  chemically  living  proto- 
plasm from  all  lifeless  matter.  These  particular  combinations 
arc  certain  albuminous  comp)ounds  or  proteids,  composed  of 
C,  H,  O,  N,  and  S,  and  their  complexity  is  extreme:  the  atoms 
in  a  single  molecule  often  number  more  than  a  thousand.  The 
molecules  also  are  very  large,  which  is  probably  the  reason  of 
their  characteristic  nondiffusibility  through  animal  membranes 
or  artificial  parchment. 

In  addition  to  these  characteristic  albuminous  compounds 
and  various  derivatives  of  them,  protoplasm  usually  contains 
certain  native  albumins  and  certain  other  characteristic  com- 
pounds known  as  carbohydrates  and  fats  (which  differ  essen- 
tially from  the  albuminous  substances  in  lacking  nitrogen  as  a 
composing  element).  There  are  also  various  salts  and  gases 
and  always  water  to  be  found  in  living  substances.  Water  is 
absolutely  necessary  to  the  physical  condition  of  half  fluidity 
which  gives  to  protoplasm  its  essential  capacity  for  motion  on 
itself.  The  commoner  salts  found  in  Uving  substances  are 
compounds  of  chlorine  as  well  as  the  carbonates,  sulphates,  and 
phosphates  of  the  alkalies  and  alkali  earths,  especially  common 
salt  (sodium  chloride),  potassium  chloride,  ammonium  chloride, 
and  the  carbonates,  sulphides,  and  sulphates  of  sodium,  potas- 
sium, magnesium,  ammonium,  and  calcium.  The  gases  found 
in  Uving  matter  are  oxygen  and  carbon  dioxide.  These,  when 
not  in  chemical  combination,  are  almost  always  dissolved  in 
water,  although  rarely  they  may  be  in  the  form  of  gas  bubbles. 

To  sum  up  the  relation  of  living  matter  to  chemistry  we  may 
say  that  life  is  always  associated  with  protoplasm,  and  that  this 
protoplasm  is  made  up  of  a  few  familiar  inorganic  elements, 
particularly  those  of  lowest  atomic  weight;  that  it  does  not 
include  any  special  so-called  vital  or  hfe  element,  that  is,  any 
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elementary  substance  other  than  occurs  in  the  inorganic  world. 
These  elements  are  combined  in  protoplasm  into  certain  most 
extremely  complex  compounds,  which  are  always  present  where 
life  is,  and  never  elsewhere,  and  hence  the  essential  chemical 
characteristic  of  living  matter  is  the  presence  of  these  complex 
as  yet  unanalyzed,  albuminous  compounds. 

It  is  obvious  that  this  chemical  half-knowledge  of  proto- 
plasm makes  no  satisfying  revelation  to  us  explanatory  of  the 
qualities  of  this  life  stuff.  How  is  it  then  with  the  physical 
structure  of  protoplasm?  Wc  know  that  many  simple  chemical 
substiiiK'(»s  put  togetlier  in  particular  physical  relationship  to 
each  oihvr  will  ^ivc  a  capacity  of  i>crforniancc  or  function  quite 
different  from  aiul  beyoml  that  which  they  ik)ssc*ss  when  simply 
brought  togctlier  without  (h^finite  order  or  arrangement.  Is 
protopliism  a  macliine  with  a  capacity  for  doing  extnionli- 
nary  things,  with  its  powers  due  primarily  to  its  physical 
make-up?  Uiifortunat(»ly  we  have  no  satisfying  answer  to  this 
qu(*sti()n.  While  chemists  arc  balkeil  in  their  analysis  of  the 
protophisniic  nuikcMip  by  the  complexity  of  the  c(mi|Mmnds 
they  meet,  a  complexity  too  much  for  their  present  technic  to 
resolv(\  physicists  are  similarly  balkinl  in  tluMr  attempt  to  re- 
solve and  (»xpose  the  ultimate  physical  structure  of  protoplasm. 

This  ultimate  structure  of  protophism  is  ultramicrascopic, 
and  its  study  is  checked  by  th(»  limitatioiLS  of  microsco|K»s. 
When  we  examine  protoplasm  with  the  higlu»st  [K)wers  of  the 
mirrosco]>e  we  sec*  j)lainly  that  it  is  not  lus  it  apix»ars  under  lower 
j)ow(Ts,  structureless  and  homogen(H)Us.  On  the  c(mtrary  it 
reveals  an  apparent  granular  or  fibrillar  or  alve<3lar  or  reticu- 
lar structure.  We  find  that  protoplasm  varies  in  its  physical 
make-up  at  diffen^nt  times  or  in  different  cells.  We  also  find 
that  the  dilfieulti(»s  of  interpreting  just  what  one  sees  when  using 
th(»  highest  microscopic  iK)W(»rs  make  it  im|M)ssible  to  be  really 
certain  of  understanding  what  is  seen.  Hut  however  various 
our  interpretations  of  the  fin<T  structure  of  protophusm,  they 
agree  that  any  bit  of  protoplasm  is  a  viscous  colloidal  mass 
com|M)S('d  of  at  least  two  substances  of  som(»what  different  ph>*s- 
ical  make-up.  One*  of  th(*se  sul)stances  is  (evidently  denser  than 
the  other  an<i  is  arrangiMJ  in  the*  f(»rm  <if  grains,  nxis.  threads, 
<»r  droplets  scatteriMl  through  a  ground  mass.  (\»ncerning  this 
dimorphic  conditi(»n  of  protophism  practically  all  biologists  are 
agreeti.    The  names,  hyalojihism,  parapla.sm,  or  others  of  sim- 
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ilar  flignificance  are  applied  to  the  viscous  hyaline  ground 
BubetaDce,  while  the  denser  parta  are  variously  called  micro- 
somee,  granules,  fibrils,  spongioplasm,  etc. 

The  important  part  of  all  this  is  the  fact  that  all  the  biologists 
are  not  agreed  on  any  certain  kind  of  intimate  structure  of 


Fio.  15.— UHetant  typ«  of  mU>  compoxing  tba  bwly  of  tbe  i>)uirr«l  or  nlher  hiiihly 
devriopcd  uirul :  A.  liver  nU;  /.  load  nulcrialg;  n.  nucLnis:  B.  ccimuleu  ceU; 
C.  arm  ceU,  with  muU  [nrt  of  im  fiber:  D.  muMrle  fiber;  E.  celJK  lining  the  body 
cavity  1  F,  tiiuDcat  the  iriDdpipe;<i,  Mclion  thruugh  Ihe  sifin.     (Highly  mugnified.) 

protoplasm  as  revealed  by  the  highest  powers  of  the  microscope, 
but  they  all  agree  that  there  is  a  fine  and  real  structural  organ- 
ization of  what  at  first  glance  ap|X!are  to  be  homogeneous 
structureless  life  stuff.  That  is,  as  Delage  expresses  it,  it  is  seen 
that  protoplasm  is  not  simply  an  organic  chemical  compound, 
but  that  it  is  an  organized  substance;  that  is,  it  possesses  a 
structure  of  a  higher  order  than  the  automatic  structure  of  those 
chemical  molecules  which  compose  non-living  so-called  organic 
substances.     But  at  the  same  time  we  are  deceived  if  we  expect 
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to  be  able  to  find  in  this  physical  organization  of  protoplasm 
any  satisfactory  explanation  of  its  wonderful  properties. 

We  have  said  that  it  should  always  be  held  clearly  in  niind 
that  the  full  life  capacity  of  protoplasm  is  realized  only  when  it 
is  in  that  differentiated  and  organized  condition  typical  of  the 
structural  unit  or  cell.  The  essential  thing  about  the  cell  is 
not  that  it  has  a  definite  shape  or  size  or  that  it  is  truly  cell-  or 
sacUke,  but  that  it  is  a  tiny  mass  of  protoplasm  with  various 
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substances  secreted  by  or  held  in  it.  The  protoplasm  itself  is 
difTtTcntiat(Ml  into  at  least  two  parts,  an  inner,  denser,  smaller 
[mrt  called  tlic  luiclcus,  and  an  outer  surrounding,  usually  larger. 
[)orti()n  calhnl  the  cvtoplasin.  Such  a  different  iat(Hi  or  organized 
protophisniic  unit  can  perform  all  of  tlie  essential  functions  of  life 
and  persist  in  this  iMTforinance  indefinitely  unless  destroyeil  by 
extrinsir  caus(»s.  Th(^  cell  itself  inav  not  have  anv  indefinite 
existence  ius  a  unit,  but  it  will  l)e  the  progenitor  of  an  indefi- 
nitely prolongetl  srries  of  cells.  A  single  part  of  this  cell,  that  is, 
a  bit  of  protopliism  either  of  the  nucleus  or  the  cytoplasm,  or  the 
wholr  of  cither  can  iMTforni  for  a  whil(»  most  of  the  activities  of 
lifr;  but  such  a  part  always  lacks  the  capacity  f(»r  n^pHnlucticm, 
that  is,  for  iHT.sistence  a^s  living  matter.     Thus  it  is  obvious  that 
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if  nuch  protoiilasmic  rrtls,  composed  of  nucleus  and  cj'toplasm, 
exist  Ringly  they  form  living  units.  And  we  have  actual  ex- 
emplifications of  this  condition  in  the  structure  and  life  of  the 
simplest  organism. 

The  simplest  organisms  are  independently  living,  single  proto- 
plasmic cells  (Figs.  16-21).     There  ore  thousands  of  kinds  of 
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single-cHlod  organisms  recognizably  different  by  charar- 
cn  of  shaiH'  and  sine,  habit  ami  habitat.  We  try  to  distin- 
theni  as  single-i<'ll('<l  animals  (I'rotuzua)  and  single-eelled 
i  (l'roto|>hyta),on  the  ba.MS  of  alleged  differences  in  their 
of  fiKxI-tuktiig  ami  general  iiiilrilion.  This  distinction  is 
inost  arbitrarily  made,  and  Ixitanists  and  zoologists  are 
intly  (-laiiiiiiig  the  same  organisms  a.s  belonging  to  their 
■ctive  fields  of  jitudy.  Many  naturalists,  conspicuously 
■kel.  have  repeatedly  suggested  the  convenience  and  even 
lecessity  of  prniiping  most  of  these  unicellular  organisms 
u  phylum  or  kingdom  to  be  called  the  Protista,  the  members 
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of  which  ahall  not  be  recognized  as  sufficiently  specialized  to  be 
railed  either  plants  or  animals,  but  simply  or^ranisnis.  Birt 
this  suggestion  seems  to  meet  with  little  practical  favor  from 
6tu<lents  of  systematic  biology. 

For  a  basis,  therefore,  of  any  study  of  the  evolution  of  life, 
an  acquaintanceship  with  the  life  and  strur 
tnre  of  the  simplest  organisms  in  a  nccesbitv  i 

As  (he  authors  have  already  tried  in  another 
lnHtk  ("Animal  Life")  to  present  a  simple 
account  of  this  life  together  with  an  account 
of  certain  less  simple  or  slightly  complex  or 
ganisitis  (Figs.  22-26}  whose  physiology  and 
structure  reveal  successive  stages  in  organic 
complexity  and  specialization,  and  as  the  spa*  c 
in  this  Imok  is  limited,  the  authors  must 
refer  their  present  readers  to  chapters  I  II 
and  III  of  "Animal  Life  "  for  an  account 
of  the  life  of  the  simplest  and  slightly  com 
jilex  organisms. 

The  differentiation  and  growing  com 
plexity  of  the  body  of  those  man\  celled 
animals  which  differ  from  and  are  we  ma\ 
say,  beyond  and  higher  than  the  simple  manv 
celled  forms,  are  by  no  means  al^va^3  along 
the  same  line  (Figs.  27-37).  It  is  familiar 
knowledge  that  animals  can  be  classified  or 
grouped  into  a  number  of  great  diMsions  ^  "  ~^  "™~ 
called  branches  or  phyla.  For  example  the  ^  ™  i  ih  «  s 
Starfishes,  sea  urchins,  sea  cucumbers   etc  ■       t™  i  le    ne- 

constitute  one  phylum,  the  Echmodcrmuta  "  '  ""i  n  ho 
the  crustaceans,  insects,  spiders    etc     eon  ),        |      ^\( 

stitute  another  phylum,  the  Arthropoda,  and  \  »  n) 
all  the  animals  with  a  backbone  or  with  a 
notochord  constitute  another,  the  Chordata.  \ow  for  each 
«»f  these  phyla  there  is  a  fundamental  or  type  slniclure  (Fig. 
27).  All  of  the  Echinodermata,  for  example,  are  built  on  the 
radiate  plan.  They  recall  the  starfish  with  its  five  or  more 
arms  radiating  from  a  central  disk.  The  Arthropods  are  all 
animals  with  a  body  composed  fundamentally  of  a  series  of 
successive  segments,  some  or  all  of  these  s^ments  bearing 
pairs  of  jointed  appendages;  and  so  on.     We  need  not  pursue 
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f;nni|Hil  iiitii  two  n'f;iiiiis  ftini 
llif  :iit|M-ii.l!iKcs  liitiilnl  t<i 
til.'  iiril.Tior  nw  of  tlicso 
two.  Tin-  Mvri:iiK«ls.  wl.ich 
an-  iilso  ArtliroiMxls.  liavc  ji 
stnii'tiin'  iiion-  in  ciiiirorinil v 
witli  wli;.t  inny  l«  .■ullwi  th<- 
riiri.-il  or  ly|>iriil  plan  for  tlir 
wliolc  iilivliiiii;  tli:it  in.  Ilic 
iKxly  is  inadi-  ii|>  r>f  a  .srri<-.s 
i)f  iiiiiiiy  Hiu'ci'ssivo  sitiiilar 
s.-Kti"'nN.  i-M-U  s.-irMi('iit  lK-!ir- 
iriK  :>  I'iiir  of  juiiitdl  ii|>- 
IH'ihIuK''?'-       Ill    tbiit    prniTiil 

li .f      <\<-«-i-tH      lo     wliirh 

111:111  l><-l<>ii>:-i.  iiikI  wliicli  is 
ilislinjiiiishiil  liy  tlio  iiuitit- 
(if  Mil-  i>liyliiiii  Chnnlntii, 
tliiTc  lire  of  course  various 
Hiliordiiiiiti'  liiH-s  whi<-h  we 
n^cogiiizv    iiiuItT    the   nuincs 


further  the  genpral  damnifi- 
cation of  animals  into  phy- 
hi.  Nor  need  we  pxpLiin 
in  any  detail  the  structural 
tyiH-sor  fundamental  struc- 
tural plans  which  distin- 
guiHh  the  various  princiiKii 
Uncs  of  descent  in  the 
animal  kingdom. 

Crunching  out  from  euch 
of  the  pniici[ml  hm-s  »n' 
hosl.s  of  sulxmliuitte  Uik-s. 
Some  of  the  Arthn»t>ods.  tut 
the  inwclH,  huvo  their  IxHly 
B(<KiiK-ntH  Kroui>«l  into  three 
n'gions  and  their  joiniol 
ii|i|>en(laf;eM  c(mfin<-<I  to  the 
iintcrior  two  of  these  n^ 
Kioiis.  Olliers,  as  the  spiders, 
have     the     IkkIv    M'gtneiits 
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of     fish  OS,     amphibians,     reptiles, 
birds,  aiMl  mammals. 

In  nil   the  subdivisions  of  the 
main  groups  there  are  also  to  be 
rpc<iftnized   differentiated   and  di- 
verRont  lesser  lines  of  descent,  and 
wilhin     these    still     lesser    ones. 
While,  as  already  noted,  the  main 
tllvisions  of  the  animal  kingdom 
are  called  phyla  and  the  divisions 
of    the  phyla,  classes,  the  subdi- 
visions of  the  classes  are  usually 
called    orders.      The    next    subdi-      Km.  a 
vision   is  that  into  families,  each        !■'••< 
ill.  turn  being  a  cluster  of  genera. 
The  genera  are  ponii)osed  of  species  and 
sul>»|)ecie3,    varieties,   and    individuals. 


the  H|)ecies  finally  of 
ICach  one  of  these 
names  refers  pri- 
marily to  a  s|)eeial 
line  or  nimle  of 
differentiation  and 
at  the  same  time 
refers  to  tlie  fact 
that  the  meml)ers 
of  each  of  these 
differentiated 
groups  are  genet- 
ically related  to 
each  other,  that 
is,  related  by 
blood,  by  actual 
ancestral  descent. 
All  these  differ- 
entiated groups 
indicate  diverging 
lines  of  evolution, 
some  of  tliem 
short,  and  but 
slightly  divergent 
from  the  main 
hne    from    which 
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they  arise;  others,  on  the  contrary,  long,  important,  and  widely 
divergent. 

The  traditional  tree  which  is  drawn  to  explain  animal 
claasifieation  illustrates  at  the  same  time  the  two  fundamental 
facts  upon  which  this  classification  is 
based,  namely,  differentiation  of  struc- 
ture, and  corresponding  divergence  of 
descent.  All  the  branches  of  this  gene- 
alogical tree  lead  back,  as  they  do  in  a 
real  tree,  lo  its  trunk,  and  the  trunk 
of  this  tree  springs  from  the  simplest  of 
the  many-celled  animals,  namely,  from 
those  primitive  forms  which  resemble  in 
essential    characters    animals    like    the 


HiinpliT  iM>lyiis.  Indewi  it  ivi-\m  certain  that  thi.s  tr*e  trunk 
can  Ik-  tr:i<'c<l  farther  hack;  that  it  must  spring  in  the  b^n> 
riing  fnim  forms  cs.scntiaUy  like  the  liiwcst  organisms  that  we 
kimw  to-day.  namely,  single,  .simple  cells  living  independently. 
From  the  Amirba  to  Man;  that  i.-<  the  history  of  descent,  or 
a.-'ccrit  if  line  prefcrM,  The  course  has  licen  a  rtmtinuous  one, 
both  in  |wtiit  uf  time  and  in  point  of  gradual  tranBformatioo. 
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But  great  periods  of  this  time  are  shut  away  from  lis  without 
record  of  their  duration,  and  lung  series  of  t)ie  gradually 
changing  forms  are  lost  to  uh  without  hoi>e  of  <li.scovery.  And 
yet  in  its  large  outlines  we  know  the  history  of  all  this  time 
and  the  character  of  all  these  graded  series. 
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WV  Hhoiild  give  at  IcaHt  brief  altenlion  to  what  may  be  culln) 
the  primary,  or  nocesttary,  cunditiona  of  life.  We  know  that 
fixlu's  cantiiit  hve  very  long  out  of  water  and  that  birds  cannot 
live  in  water.  These,  however,  are  comlitiona  whirh  depeml  tm 
tlie  «|)edal  ecol()giejil  habits  of  these  two  partieular  kinds  of 
animals.  The  iieoessity  of  a  constant  and  milTieient  mippiy  of 
oxygen  is  a  iieeessity  eomnion  to  Ixitli.  it  is  one  of  the  primary 
eonililions  of  ilieir  life.  AH  aiiiinnls  imiMt  have  air.  Similarly 
iKith  iislies  and  birdd  and  all  other  animals  must  have  footl. 
This,  then,  is  an- 
other of  the  pri- 
mary ronditiona  of 
animal  life. 

If  water  Ik*  held 
not  to  l)e  inelude«l 
in  the  general  eon- 
ception   of   food, 
then    H)x>eial    men- 
tion must   Ite  made 
of  the  necessity  of 
water    as     one    of 
the  primary  eontli- 
Itiinsof  life.    IVirt*)- 
iiltluniKli  thick  and  viscoiw. 
ir-i  <'i.iii]Hiti.Tits  iiiiisi  lie  ilissolved  or  sus|>endi<d  in 
fiKt,  :jII  iif  ilic  really  living  snbstani-e  in  an  animal's 
in-;  h;iIit.     This  water. SCI  lu-i-essary  for  the  animal, 
-ivcri  froiii  till'  gi'iieral  food,  all  of  whieh  eontaias 
laliriir  liss  rjiiaiitiiy.  or  it  may  Im-  taken  a|Ktrt  from 
i>iii|  by  drinkirij;  or  by  absiir|)Ti<Hi  through  the  skin. 
Av,  1.....  ilial   if  Ihi-  UTiiiHTahire  is  in-low  a  certain 

■.•ivril  aiiii.Nils.  il.-iLth  takes  ihc  |iia<-e  of  life.  I'l 'is 
ii>\\|('i]l:i'  iliar  in:iiiy  anitiKils  can  be  fro/.en  without 
i.  [ii-t-i-rs  iitiii  DiliiT  small  animals  may  lie  frozen 
iifiT  au<l  n-Muiir  ai'livc  lil'c  aj;aiti  in  liic  spring.  An 
IT  ki'i't  i-iTtain  li>bi-  ir«/.'->i  in  blocks  nf  i.i-  at  a  tcm- 
!.-.■  C.  f.ir  x.ine  litnr  and  llirn  gradually  lhawe.1 
iinbiiii.  Tlii'iT  i>  n..  ibiiibl  that  every  |>art  of  the 
I  llie  bviiif;  .-ub-tauei..  .if  tbe^e  lisli  was  fn./cn.  for 
[It  llii>  leiuperalUM'  iciulil  Ih-  hnikeii  and  {xiunded  up 


.    Illlid.  : 
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a  fine  icy  jKiwdpr.     Hut  a  teniporatiirf"  of  ~:>l)°  C.  killiii  (lie 

ArcoHing  to  L.  J.  TiirntT.  the  Alaska  nitul-tinh  (Dalliu), 

s  ff^d  frnxen  tp  Keqiiimaux  lUi^.     One  of  these  thuwiim  in 

0  Dtomncli  of  the  animal  nmdr  its  cHcape  alivD.     Ptoi^s  lived 

r  bdoR  kept  at  a  tpiuperal  iiro  of  —28°  C,  penli|«'(les,  at 


Fi^  29.— Tl»  pidJuck,  Zvfhaa 


Lempi-rnliirv  of  —  50°  C,  and  wrtain  snails  L-ndiiroil  a  ti>iii]HiTa- 
[>f  -  I".iO°  C.  wilhoiil  dying. 

t  thti  other  extrtviio,  ini'tanrt')*  nri-  known  of  animals  living 

itfr  (hot  R|>rinjn>  or  watflr  gra(]iially  lioatnd  with  tin-  urgim- 

s  in  it)  of  a  tcniixTatwre  as  hiph  iw  50°  C.    ICxpcTinicnU  with 

show  that  ihew  .liiiiiilest  animals  i^ontract  and  n-asc 

;vc  iitutton  at  ;j;>*  C,  but  aro  not  killt^l  until  a  temperature 

"taSlfC.  iHrpached. 
VanAliotis  in   pressure  of  the  atmosphere  also  constitute 
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conditinne  which  niuy  drtermhic  the  existence  of  life     The  ' 
presfiiiro  nr  weight  of  the  atuicxtphere  on  the  surface  erf  the 
earth   is   tii'urly    fifti-oii   {lotiiids  on   each   eiqunrc   incli.     Tfaii 
presHiirp  is  exert  wl  e<|iinlly  in  all  direetioiis  so  that  an  ohjed  on 
the  earth's  surfaeo  Bustains  a  prcastirc  on  eaeh  square  inch  at 


I 


t  flcnr*.  1h> 

P    tquid.    /.iVh^    p«4'»i.    p 
V  Ilnuucb  Oh  nnkU  tultc  illsbily  In 


rfaee  of  fifteen  pounds.  That  is,  all  aninmls  living  on  the 
I  surfart!  or  near  it  live  under  thin  pr««ure  and  under 
no  other  ennditiim.  Tlic  aniinahi  that  live  in  water,  howe 
sustain  a  mueh  greater  pret^ure,  this  {irt-raure  inrrfasinf;  with 
distance.  Ortain  ocean  fiflhen  live  habit  ualty  in  ereat  depths,  at 
froni  two  to  nearly  five  niilee.  where  the  preesurv  is  oqui\'al€nl  to 
that  of  nwny  hundre<)  utiiiosphp:res.  If  th««'  lixhen  arc  brought 
to  the  surface  their  eyes  hulge  nut,  their  sealen  fall  off  becauM 
of  the  Kreut.  expanM-  of  the  skin,  and  the  stnnineh  is  throat 
wronj;  side  out.     Indeed  the  body  it)«c]f  sometimes  bursts.     On 
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the  other  hand  if  an  animal  which  Uvea  normally  on  the  surface 
of  the  earth  is  taken  up  a  verj'  high  mountain  or  ia  carried  up  in 
a  balloon  to  a  great  altitude  where  the  pressure  of  the  atmos- 
phere is  much  less  than  at  the  earth's  surface,  serious  conse- 
qnenres  may  ensue,  and  if  too  high  an  altitude  is  reached,  death 
occurs. 

Some  animals  require  certain  organic  salts  or  comimunds 
of  lime  to  form  bones  or  sheik,  etc.  These  salts  may  be  re- 
fcarded  as  necessary  articles  of  nutrition,  though  their  fimction 
is  not  that  of  ordinary  foo<l.  These  are  peculiar  <leniandH  of 
special  kinds  of  animals.  There  might  also  be  incliKled  among 
primary  life  conditions  such  necessities  a.s  the  light  and  lioat  of 
the  sun,  the  action  of  gravitation,  and  other  phywical  ciirHiitions 


Fin.  31  ,^I.onK-han» 


without  which  existence  of  life  of  any  kind  would  bo  ini|)<xs.iil)le 
on  this  earth. 

Finally  we  may  refer  briefly  to  the  "grand  prolilem"  of  Ihe 
origin  of  life  itself.  Any  treatment  of  this  (inestiim  i.s  IxHind  to 
be  wholly  theoretical.  We  do  not  know  a  single  jHisitive  thing 
about  it.     We  have  some  negative  evidence.     That  is,  we  have 
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no  rc.-or(lp*I  instance— und  men  have  searched  dil^ently  for 
examples— <)f  »|x>ntime<HW  p-neration.  No  protoplasm  hat> 
Ih-<'ii  si-t-n.  or  otherwise  proved,  to  come  into  existence  exce[K 
throiijth  tlie  agency  of  already  existinR  protoplaam.  All  life 
comes  from  life.  All  thiwe  former  l)eliefs  of  spootMieoufl 
appearam-f!  of  Imi'm  from  the  carea-sBes  of  oxen,  fliea  from 
decaying  flesh,  hair  w<niii8 
from  horse  tail  hain  in 
water  troughs,  and  bacteria 
and  infusoria  in  infusioiu 
of  beef  or  hay  have  been 
shown  on  scientific  in\'e»ti- 
pation  to  l)C  utterly  with- 
out basis  of  fact. 

Hut  if  pnitoplasni  and 

life  do  not  api>ear,  are  nol 

iH'iuR  Kenerate*!   H]Htnlane- 

oiisly  in  this  earth   eimch. 

may  they   not    have  In-en 

ill  earlier  aRew?     (ii>oiogisi.4 

and   hioloKiMts   attei>i|>t   to 

e\[)lain  mont  of  the  thingn 

that    hap|><>ne<l    in    earlier 

pcolojcic  aE''s  by  what  they 

oliserve    to    1m-    hapix'ning 

now.    Tlicy  woidd  answer. 

on   thi;<    basis,   that    what 

cv  id  en  II'     we     now     have 

fihould   lead    iw   to  believe 

r  occurreii.     Hut  there  must 

mil   alwavH  Imtii.    Tlie  ac- 

f  llie  iti:ikiiiK  of  our  earth  preehides 

miiil  the  tilnlx-  was  ci>ol  enough  for 

kmiw  lliiil    (here  is  a  maximum  of 

li   |>riitii|ilasiii  inevitably  rongulatcs, 

was  ihis  iML'imiiiic  of  life?    The  biologist  can- 

:iiii-<iiL'<  iri'iLcraliiiii  in  llic  face  nf  ihe  scientific 

CIn  tin-  oili.r  liiiii.l  lie  Ims  dillicnlty  in  under 

'  i-onld  have  iiriL'itiared  in  any  other  way  than 

■I  III'  (ratir-fciniKiliiin  froni  Inorfranic  matter. 

of  curiosity  we  may  gluncu  at  a  few  of  the 


e  has  nev 
Life  l.a 


..mi   ' 


slamlint'  li..w  li 

thriniL'h  miuic  m 

As  a  mattct 
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HjK-oulutidn.'*  lliut  biologists  have  allowed  thtM»seI%'c8  concprninx 
thp  origin  of  living  Mitpslunt-c  on  ihi-  t-urili.  A  ijpi><>iilutiiiii  llint 
is  iiiitTestinn  only  txrcuusc  it  was  suggt^Utl  by  h  great  MMiniUtio 


man — a  iiliysifist ,  liowcvtT,  not  a  bioto)(ksi — ih  I,ord  KdvtaVl 
Ihwiry  that  living  mibHtaiirc  wa»  broii^til  to  tliic  earth  from| 
n-Inlial  rpRloiu  by  trii-((<«riteM.     A  more  AcecpLahli'  theory  i 
t  at  Minip  r<arli(T  Kittlogio  t%ge  the  rondiliom  nf  earth,  st 
TV,  tcniiwraturc,  etc.,  were-  at  niie  lime  of  such  a  favoi 
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ure  Ihat  j(i3t  llial  fortunale  coincidence  of  ail  necessary  c 
oils  and  clenicnta  occurred  which  allowed  C,  H,  O,  N,  to  ui 
lOM- great,  almost  iufinit-ely  complex,  molecules  which  cc 
e  the  albuniinous  coinpounds  whose  existence  is  the  only 
mical  eharactoristic  peculiar  to  living  matter.     But  we  h 

3n.— ^trlfBii  of  lwi)-lii*.i  o«l(ieh.  .SWurtiir  r.nj.flut,      (I'huUigiaph  by  WJI 
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alreatly  tiidientnl  Umt  the  prixluction  of  hucIi  rompoiindfl  wnukj 
not  iM-ccssurily  hv.  lh«  pnxliictioii  of  iiroloplnsm.  What  of  Ihc 
cotnplfiX  ilefinitivo  physical  orgamzalion  of  protDplaam  im 
which  we  prwlirali;  so  itiuvli  of  its  capueity? 

The  botanist  Schaflfliausen  beliovee  that  water,  air,  and  tlic 
necessary  mineral  niili8ttmr<>t*hftvi'l)(*i'ii  ilimily  luiiiliirn-.l  mikIit 
ihv  influfiicca  of  Hfo  iiml  liriil  and  In..  ,1 


^1 


vi'M 


I.  Ih/frit^V  iirvi'^'- 


luiml   ntr;    nl>"'«cnH>h  >• 


IvinpohmHl  protowK-niB  which  nest  bwamo  Protocotrun  viridtB. 
Delate askH :  "If  the  thine  i»  w> j«iiiipU'  why  (lrM«  not  the  Kiithtir 
produce  one  of  these  protococci  in  liis  laboratory?  Onhii  /rrail 
gr&rf  tie  la  rhUniijihjilU !  "  Nageli  holdii  that  when  the  allniini- 
nous  compounds  had  their  birth  in  an  aqueous  liiiuid.  a»  thry 
were  not  ailuble  in  water,  they  were  precipitated.  This  prp- 
i-iptAtK  was  formwl  of  niiimte  [larticW,  u  sort  of  pry«lal  which 
ho  calls  (iiieclla?.  These  niieelhe  are  thu  materials  from  which 
oricauiKina  were  formed.  An  inorKtinic  cryttlal  defioHiled  iu  a 
Uitiimte«(  wihilion  of  the  luune  nature  detrrmint^  a  dcposil 
on  it«  surface  in  Ihc  form  of  tiny  cr)'stals,  by  wliich  meiuis  U 
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increases  in  size.  In  the  same  way,  when  some  of  these  albu- 
minous micella?  are  formed  anywhere,  they  facilitate  further 
preci[)itation  within  their  sphere  of  influence  in  such  a  way  that 
the  formation  of  other  micellae,  instead  of  going  on  uniformly 
in  the  li({uid  mass,  is  localized  at  certain  |X)int8.  Thus  are 
found  aggregates  of  an  albuminous  nature  which  constitute  the 
primitive  protoplasm.  This  is  Niigeh's  suggestion,  and  Niigeli 
is  one  of  the  most  thoughtful  biologists  who  has  ever  lived  I 

Granting  that  protoplasm  must  have  had  a  natural,  spon- 
taneous beginning  on  this  earth,  being  neither  brought  to  it 
from  other  worlds  nor  created  extranaturally  on  this  world, 
biologists  indulge  in  some  speculations  as  to  the  probable 
whereabouts  of  this  first  appearance  of  life,  and  as  to  wliether 
living  substance  was  formed  spontaneously  but  once  only  or 
several  times,  and  perhaps  in  several  places.  It  is  not  necessary 
here  to  follow  up  such  sjwculations.  The  only  one  of  them  with 
any  scientific  evidence  at  all  for  it  is  the  theory  that  life  began 
at  the  poles  or  perhaps  particularly  at  the  north  pole.  The 
evidence  for  this  is  based,  first,  on  the  fact  that  in  accordance 
with  the  cosmic  theory  of  world  evolution,  the  poles  of  the 
earth  must  have  been  first  in  a  condition  under  which  life  might 
exist,  and,  second,  on  facts  revealed  by  the  study  of  the  geo- 
graphical distribution  of  living  and  fossil  organisms.  There 
seems  to  be  some  slight  scientific  foundation  for  the  claim  that 
the  first  organisms  lived  in  iK)lar  regions. 


CHAPTER  IV 
FACTORS  AND  MECHANISM    OF  EVOLUTION 

Even  in  the  latest  and  maturest  formulatiiHisof  i«'ientifi<*  n*?^^arch, 
the  iiraniati<*  tone  is  never  lost.  TIk*  <-aiLst^  at  work  are  eoneeivetl 
in  a  highly  in)|H^r>onal  way.  but  hitherto  no  science  has  Ijeen  (M>ntent 
to  do  its  work  in  t«Tins  of  iiH»rt  niapiitUile  alone.  -Xetinty  (H>ntinue8 
to  be  iniputml  to  the  phenonu'na  Hith  whieh  s<*ience  deals,  and  activity 
is,  of  eourst\  not  a  fact  of  ol>siTvation  but  is  imputeii  to  the  phenonu*na 
l>y  the  ol>si»rver.  Kpisteni«>K>peally  s{)eaking.  aetinty  is  in)pute<i  to 
phenomena  for  the  pur]M>sc  «»f  organizing  them  into  adraniatieally 
consistent  system.** — Thokstein  Veblex. 

TiiERK  is  t<v<Iay  no  doubt  in  our  minds  of  the  truth,  the 
actuality,  of  di'seent.  It  is  not  the  theory  of  descent:  it  is  the 
fact,  the  law.  of  dt^srent.  of  which  wo  talk  and  write.  Organ- 
isms are  bltHKl-relattnl:  tliey  are  transformed,  descended  from 
one  another.  Tliis,  which  is  the  common  knowleilge  of  presont- 
day  iK>st-I)arwinian  s<Mence.  was  the  lx»lief  of  many  naturalists 
even  In^fore  t  he  days  of  1  )arw  in.  "  From  the  Greeks  to  Darwin  ** 
was  not  all  darknt^ss  nor  comj)lete  fre^nlom  from  taint  of  the 
**IHTnicious  evolution  doctrine."  Goethe,  Erasmus  Darwin. 
I^imarck.  to  mention  only  familiar  nam(»s.  were  evolutionists: 
they  lH*li«»v(Ml  in  the  transruutatitmof  s|HM'it*s,  lx»lieved  in  descent, 
liut  it  was  Darwin  who  gave  the  waiting  naturalists  substantial 
an<l  satisfactory  rea.<ons  for  the  U^liefs  that  were  in  them;  who 
gave  them  strength  to  have  tlie  courage  of  their  convictions. 

While  Darwinism,  in  our  j)resent-<lay  use  of  the  name,  is 
not  synonymous  with  «lesc«»nt  and  <»volution,  but  is  the  name 
of  a  causomechanical  exphination  of  it.  or  a  group  of  causal 
factor>.  yet  it  might  justifiably  U*  more  br()a<ny  used,  and  held 
still  to  nu-an.  what  it  certainly  did  to  the  worKl  generally  for  a 
pMMl  many  y<»ar»  after  the  ** Origin  of  S[)ecies"  appeared,  the 

48 


FACTORS  AND  MECHANISM  OF  EVOLUTION  49 

general  theory  of  organic  evolution  and  the  particular  doctrine 
of  the  descent  of  man  from  the  lower  animals.  For  it  was 
Darwin  who  really  proved  these  things  to  be  realities.  But  in 
biology  to-day  Darwinism  is  the  name  which  refers  to  certain 
particular  causal  factors  or  determining  agents  in  the  actual 
pnxluction  and  control  of  the  transmutation  of  species  and  the 
progress  and  direction  of  the  lines  of  descent.  And  the  modern 
scientific  adverse  criticism  of  Darwinism  which  is  beginning  to 
find  its  echoes  in  popular  literature  must  never  be  mistaken  to  be 
disparagement  or  adverse  criticism  of  the  doctrine  of  descent, 
the  law  of  organic  evolution.  So  we  are  not  in  this  book  dis- 
cussing the  probabilities  of  the  truth  or  untruth  of  evolution 
nor  presenting  evidences  or  argument  to  justify  a  belief  in  the 
doctrine.  As  the  days  have  long  passed  when  the  shape  of  the 
earth,  or  the  behavior  of  the  members  of  the  solar  system, 
was  a  fit  subject  for  debate,  so  the  days  are  now  by  when  the 
truth  or  falsity  of  the  law  of  organic  descent  is  a  debatable 
thesis.  The  earth  is  subspherical,  the  planets  revolve  about 
the  sun,  and  species  of  organisms  descend  from  other  species. 

But  in  what  particular  way,  or  as  the  effect  of  what  particular 
causal  factors,  this  descent  or  transformation  of  species,  that  is, 
kinds  of  organisms,  comes  about, — here  there  is  unlimited  field 
for  debate  and  polemic,  for  hypothesis  and  investigation,  for 
deduction  and  determination.  It  is  the  factors  of  organic 
evolution,  the  factors  of  each  of  the  particular  phases  or  aspects 
of  evolution  phenomena,  that  are  the  subject  of  present-day 
biological  study  and  discussion.  The  meclianism  and  method 
of  evolution  is  a  subject,  with  its  score  of  moot  questions,  its 
enormous  opportunity  and  inspiration,  for  fact  gatliering,  fact 
arranging,  and  fact  interpreting.  So  in  biological  science  to- 
day, no  less  but  even  more  than  in  those  first  exciting  days 
after  the  "Origin  of  Species,"  the  subject  and  problems  of 
evolution  are  the  inspiriting  and  absorbing  matters  which  chiefly 
occupy  the  attention  of  biologists.  What  these  factors  are  that 
compose  the  chief  subject  of  present-day  evolution  study  and 
discussion  may  be  summarily  set  out  in  the  present  chapter. 

In  the  first  place  it  is  obvious  that  there  can  be  no  transfor- 
mation or  change  of  species  unless  there  is  an  ever-present  actual 
variation.  By  variation  is  simply  meant,  in  the  larger  sense, 
that  no  two  individual  organisms  in  the  world,  nor  for  that 
matter  any  two  that  have  ever  been  in  the  world,  are  exactly 
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alike.  This  refers  not  only  to  individuals  of  diflfercnt  sprcios 
of  plants  and  animals,  but  to  individuals  of  the  same  spccicA 
and  even  (and  this  in  a  way  is  most  important  of  all)  to  indi- 
viduals born  of  the  same  parents.  It  is  indeed  this  last  condi- 
tion that  is  the  actual  basis  and  fundamental  beginning  for 
sfx^cies  change.  That  this  variation  does  exist  is  absolute  fact, 
and  there  is  no  discussion  of  it. 

To  what  extent  or  degree,  what  parts  of  an  organism  are 
chiefly  afTocte<l,  whether  or  no  this  variation  shows  a  regularity 
in  its  occurrence  or  a  determinatencss  of  tendencv  or  direction, 
whether  or  no  this  variation  is  based  on  inheritance  and  if  so 
in  what  degree  of  similarity  or  identity — all  these  and  a  dozen 
other  (questions  are  the  moot  problems  in  connection  with  the 
great  factor  variation.  These  are  undecided  things,  wliidi 
means,  on  the  whole,  that  variation,  apart  from  the  ol>serv«Nl 
and  admitted  actuality  of  the  occurrence,  is  itself  a  great 
evolution  j)roblem. 

The  variation  alone*,  however,  presumably  does  not  make 
new  s|HM'i(\s  nor  maintain  linos  of  dosc(»nt.  If  this  variatitm  is, 
as  it  sooins  to  be,  almost  unlimite<l  in  its  range  of  ap|x*arance, 
then  as  s|HM*i(»s  are  of  definite  character  and  number  and  as  lines 
of  descent  are  even  more  definite  and  more  limited  as  to  numl)er. 
there  must  be  soiiu*  factor  which  determines  what  kimls  or  lines 
of  variation  may  or  shall  |MTsist  and  what  shall  Ix)  extinguishiHl. 
Is  then*  sonietliin^j:  incident  to  the  causes  of  variation  that 
det(Tmines  what  lines  of  descent  shall  l)e  establishtnl  bv  it  or 
based  on  it,  or  is  there  some  added  factor  which,  having  no 
control  ov<T  the  initial  apjK^arance  of  variation,  has  al>solute 
<'ontrol  over  its  jxTsistence  and  headway?  Darwin's  factors  of 
s«'le<'tion.  more  parti<'ularly  natural  selecticm,  is  the  explanation 
of  this  <'ontrol  otTenMl  in  the  famous  "Origin  of  S|H*cic»s."  And 
natural  selection  has  Imm^u  in  thcMninds  of  biologists  until  to-<lay. 
at  \r:i<\,  undoubt<»(lIv  that  factor  in  (»voluti<m  which  hius  In^en 
bclirvrd  to  have  tin*  chief  control  in  the  forming  of  siK*cies  and 
the  (lirefMion  of  d«'scerit  lines. 

Mut  in  ref«Tenc(*  to  this  particular  factor  three  schools  of 
bioloiri-it<  have  gradually  grown  up:  namely,  first  the  schcM>l 
headed  by  Weisinann.  who  has  lM'li(»V(»d  and  contendeii  that 
natural  >el«M'tion  is  almost  the  onlv  factor  whi<*h.  on  a  l>asis  of 
fortuitous,  (hat  is.  uncoTitrolle<l.  variation,  has  prcxluceil  the 
s|H»cies  and  lin(\s  of  descent   as  we  know  them;  second,  the 
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school  which  holds  that  natural  selection  has  practically  nothing 
to  do  with  species-forming  but  only,  and  in  a  large  general  way, 
¥vith  the  control  of  descent;  and,  third,  the  compromise  school, 
which  attributes  to  natural  selection  an  important  part  in  both 
species-forming  and  control  of  general  descent  lines,  but  recog- 
nizes the  simultaneous  existence  and  the  considerable  im- 
portance of  several  other  sj^ecies-forming  and  descent-modifying 
factors.  In  addition  to  these  three  schools  one  must  note  that 
a  number  of  active  working  biologists  repudiate  the  factor  of 
natural  selection  entirely,  holding  it  to  be  a  vagary  and  an 
artifact  of  logic. 

Associated  with  natural  selection  in  the  general  theory  of 
selective  action  is  Darwin's  conception  of  sexual  selection.  This 
factor  was  presumed  by  Darwin  to  play  a  part  only  in  the  forma- 
tion and  control  of  those  often  very  obvious  but  never  well- 
understood  characteristics  of  a  secondary  sexual  character 
wliich  distinguish  the  sexes  in  many  sp)ecies  of  animals.  I^t 
one  recall  these  characters  in  the  pea  fowl,  the  bird  of  paradise, 
tlie  pheasant,  some  of  the  butterflies,  the  lamellicorn  beetles, 
many  fishes,  and  so  on.  According  to  the  theory  of  sexual 
selection  the  females  have  chosen  for  their  consorts  those  males 
best  endowed  by  variation  with  these  ornamental  character- 
istics, so  that  by  this  selection  there  has  come  about  a  gradual 
cumulation  of  the  characteristics  culminating  in  such  bizarrerie 
as  we  are  familiar  with  in  numerous  living  animals. 

The  word  selection  will  certainly  bring  to  the  mind  of  the 
reader  also  a  third  kind  of  selective  process,  namely,  that  called 
artificial  selection,  and  this  kind  of  selection  is,  of  course,  a 
factor,  and  an  important  one,  and  has  been  such  for  some  eighty 
centuries,  in  the  modification  of  plant  and  animal  forms.  But 
however  widely  differing  and  extraordinarily  modified  culti- 
vated and  domesticated  kinds  of  animals  and  plants  may  be, 
these  diflferent  kinds  are  not  looked  on  by  biologists  as  having  the 
validity,  that  is,  the  stability  and  characteristics  of  origin,  that 
the  different  species  of  animals  and  plants  found  in  nature  have. 

All  the  different  kinds  of  pigeons,  for  example,  are  known  to 
be  due  primarily  to  the  artificial  modification  of  a  single  wild 
kind,  the  rock  dove  of  Europe,  and  all  of  these  different  artifi- 
cially produced  kinds  agree  in  an  imiK)rtant  physiological  charac- 
teristic, namely,  that  of  Ix'ing  able  to  mate  frcn^ly  with  each  other 
and  with  their  common  ancestor.     As  this  physiological  char- 
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acteristic  is  precisely  one  of  the  criteria  largely  used  in  deter- 
niining  species  limits  in  nature,  naturalists  call  the  artificially 
produced  kinds  by  another  name  than  species;  they  call  them 
races  or  varieties,  meaning  by  this  to  indicate  obvious  struc- 
tural and  functional  differences.  Thus  artificial  selection,  while 
a  factor  in  determining  the  extent  and  character  of  the  modifi- 
cation of  many  kinds  of  animals  and  plants,  is  not  considered  a 
factor  in  the  determination  of  natural  lines  of  descent.  Its 
value  in  tliis  regard  lies  in  the  clew  it  gives  to  natural  processes 
of  the  same  kind. 

Selection  !)v  nature  among  the  variations  which  appear  i.s 
made  jx>ssi!)lc  only  by  several  other  factors  or  actually  existent 
conditions.  One  is  the  "prodigality  of  production"  or  the 
constant  tendency  to  overjx)pulation  due  to  reproduction  by 
multiplication  or  in  a  geometrically  progressive  ratio.  Every 
mature  female  or  hermaplinKlitic  plant  or  animal  produi't-s. 
at  least  in  the  condition  of  eggs  or  germ  cells,  more  tlian  one 
new  individual  like  itself.  (There  are  a  very  few  exceptional 
cases,  compeiisatcMl  for,  however,  in  otlier  ways.)  Most  pnxiuce 
many  now  indiviiluals  and  some  reproduce  enormously.  Cer- 
tain fislu»s  lay  millions  of  eggs;  so  do  certain  oysters;  many 
insects  priMluce  thousands  of  young;  many  plants  pnKluce 
myriads  of  setnls.  But  not  all  can  grow  up:  there  is  neitlier 
room  nor  fo<Ml  for  all.  There  must  inevital)lv  be  a  selection  bv 
active  or  pa.ssive,  guided  or  fortuitous,  means. 

It  is  a  n(H*es.sary  a.ssumption,  for  the  eflfectiveness  of  the 
natural  selection  factor,  tliat  this  s<»lecti(m  is  actuallv  based  on 
the  fitness  or  ad  vantage*  of  some  of  the  variaticms  as  compared 
with  others.  The  trying  out  or  determination  of  the  advantage 
of  th(»s(»  variations  c«)nH\s  about  as  an  inevitable  active  or  {lassive 
comiM'tition  for  life  among  the  overabundantly  apix»aring  new 
individuals.  This  is  the  "struggle  for  existence,"  and  the 
"survival  <»f  t\w  fitt(^st  "  is  the  expression  of  the  assimied  fact 
of  th(»  su<'<'(»ss  of  the  individuals  advantagcxmsly  (i.  e.,  most 
fitly)  varying.  The  imfit  and  the  less  fit  are  assumed  to  com- 
)xxse  the  thousands  and  himdreeis  of  thousands  who  must  die 
where  onlv  tens  or  hundrtMis  can  liv(»  at  one  time. 

Hut  if  natural  selection,  wliicli  is,  so  far,  obviously  one 
of  but  individuals  alone,  is  to  j)roduce  new  sjiecies  and  control 
d(»scent  lines,  it  has  to  de|K'nd  on  a  further  factor,  one  named  by 
a  familiar  word,  l>ut  not  at  all  expiaincHl  by  it,  namely,  the  factor 
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heredity.  Although  we  can  rely  in  our  theory  building  on  the 
fact  that  no  two  individuals  are  exactly  alike,  yet  we  can  equally 
certainly  rely  on  the  fact  that  the  ofTspring  of  any  individual 
will  be  much  more  like  other  individuals  of  the  species  to  which 
the  parent  belongs  than  like  individuals  of  other  species,  and 
also,  in  the  main,  more  like  the  parent  than  like  other  indi- 
viduals of  the  same  species.  Heredity  is  the  name  we  use  for 
expressing  this  fact  of  likeness  of  young  to  parent. 

Some  biologists  seem  to  mean  by  heredity  a  force  or  dominat- 
ing influence  which  brings  about  this  likeness;  while  others  use 
the  word  heredity  to  name  rather  the  processes  which  are  gone 
through  with  by  the  young  in  becoming,  in  its  total  develop- 
ment, like  the  parent.  The  essential  connotation  of  the  word 
is,  however,  simply  the  fact  that  this  likeness  does  exist  and  that 
we  may  rely  on  its  continuing  to  occur.  So  that  when  the 
struggle  for  existence  weeds  out,  if  it  does,  those  individuals 
of  a  too  abundant  population  which  possess  variations  of 
disadvantage  or  of  no  special  advantage,  leaving  those  to 
survive  and  produce  ofTspring  which  do  possess  specially 
advantageous  or  fit  variations,  the  fact  of  heredity  permits  us 
to  assume  the  almost  certain  perpetuation  of  these  advan- 
tageous variations  by  insuring  their  reappearance  in  the  ofT- 
spring of  the  "saved"  individuals.  Thus  while  we  may  liken 
the  causes  that  produce  ever-appearing  variations  to  a  centrif- 
ugal force  making  for  difference  and  instability,  heredity  (if 
used  as  the  name  for  the  causes  that  produce  likeness)  may 
be  conceived  as  a  centripetal  force,  making  for  stability  and 
sameness. 

But  at  least  one  other  factor  seems  to  l)c  necessarv  in 
species-forming  and  that  is  the  factor  of  isolation,  separation, 
or  s^regation,  as  it  is  variously  named.  By  this  is  meant  that 
those  individuals  showing  similar  variations  must  in  some  way 
be  segregated,  made  to  live  and  breed  together,  in  order  that  the 
particular  variations  (which  from  the  point  of  view  of  the 
student  of  species-forming  may  be  called  also  the  particular 
varietal  differences  that  are  to  become  in  time  so  developed  and 
fixed  as  to  be  true  species  differences)  may  be  maintained. 

For  it  is  obvious  that  if  an  individual  possessing  certain 

particular  variations  mate  with  another  of  its  species  possessing 

different  variations,  the  ofTspring  of  this  union  will  likely  not 

possess  in  pure  form  the  variations  of  that  particular  parent 
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we  are  for  the  moment  interested  in.  The  oiTsprinfi^  may  show 
a  blend  of  the  different  characters  of  tlie  imrents,  or  a  mosaic 
of  them,  or  may  show  the  characters  of  either  one  alone,  or, 
indeed,  characters  of  wholly  new  ty|>e.  The  im))ortant  thing 
is,  however,  that  there  is  no  certainty — indeed  there  is  alm<»st 
certainty  of  the  opposite — that  any  particular  variation  will  l)e 
fostered  and  fixed  if  miscellaneous  interbreeding  is  allf>we<l. 
So  that  a  segregation  of  individuals  having  certain  common 
variations  or  varietal  characters  is  necessary  for  the  |KT|M't  na- 
tion of  these  characters. 

Now  the  most  usual  way,  probably,  in  which  this  segregation 
or  isolation  is  brought  about  is  by  (()iK)graphic  or  g(H)graphic 
barriers;  a  group  of  individuals  gets  isolateil  from  others  of  th«*ir 
species  by  some  physical  barrier,  an<l  the  variations  that  ap|H»ar 
among  them,  due  often  to  some  cause  incident  to  the  s|HM'ial 
locality  and  hence  couuuon  to  all  of  them,  are  reiwlily  prc*s<Tv«tI 
and  fostenul  by  the  (»nforced  briMMling  among  themselv«»s. 
But  such  an  isolation  may  conceivably  l)e  brought  aUiut  in 
several  otluT  ways,  and  obscTvation  has  shown  that  j)robably  in 
sonu»  c:ises  so-called  biologic  isolation  occurs,  that  is.  that  a 
restriction  of  miscellaneous  intcrbn»eding  amcmg  individuals  of 
one  sjMM'ies,  and  an  (»iiforcc<l  selective  br<M»ding  among  c<»rtain 
on«»s  possessing  <*(Ttain  variations  or  difTercMices  in  coinnxm, 
<lo(»s  really  obtain.  Such  isolation  is  also  calUnl  j)hysiologic,  or 
S(»xual,  isolation. 

Many  biologists,  and  tl;e  numlHT  of  them  has  increas4»tl 
rapidly  in  tli<»  last  few  years,  due  primarily  to  the  activity  and 
h^•ld(»rship  of  the  botanist  de  Vries  (Amsterdam),  l>i»liev<»  tliat 
siMMMt's-forming  is  a<-hiev(Hl  witlunit  the  aid  of  the  s<4ection 
factor:  that  th<*  actual  pro<lucti(m  of  sjHM'ies  is  a  functi<m  of 
variation  ("mutation"  the  s|H»cial  kind  (»f  variation  efficient 
in  s|M'ci«*s-making  is  calh^l).  and  that  the*  influence  of  st»lection 
is  only  of  a  more  n'inote  an<l  generally  restraining,  and  thus 
dinM'tivf.  nature.  Such  biologists  may  Ih»  said  to  lM*lieve  in 
siKM'irs-fnrniintj  by  lict(M*ogen(»sis  or  saltation,  as  contrast ih! 
with  >|M'<irs-making  by  slow,  gradual  transnuitation.  And 
(h*  \'rir>  and  his  followers  havr  adduc(Ml  a  few  apparently 
untlcniabh'  examples  of  s|KM'ies-forming  by  heterogenesis.  At 
least  this  infhH'nre  .<renjs  to  have  pHxluccnl  forms  to  all  in- 
tents and  pur|M>ses  apparently  similar  to  natural  8|)eei«*s.  So 
the  particular  kind  of  variation  called  nuitation,  which  in  the 


FACTORS  AND  MECHANISM   OF  EVOLUTION  55 

basis  of  this  sort  of  species-making,  must  be  added  to  our  list 
of  evolution  factors. 

Some  other  biologists,  of  whom  the  botanist  Nageli,  the 
zoologist  Eimer,  and  the  paleontologist  Cope  are  representa- 
tives (all  three  of  these  men,  however,  having  evolution  theories 
and  l)olief8  distinct  and  peculiar  to  each),  believe  in  what  may 
Ix*  calleil  orthogenctic  evolution.  That  is,  that  the  lines  of 
descent  are  determined  by  the  appearance  of  certain  special 
determinate  lines  or  tendencies  of  variation  or  change,  this  non- 
fortuitous  and  determinate  variation  being  itself  determined 
by  certain  causes  either  (in  Niigeli's  belief)  inherent  in  life,  or 
(in  Kimer's  belief)  extrinsic  to  life  but  imposed  upon  it,  as  for 
examj>le  the  influence  of  climate,  etc.  So  that  orthogenesis  or 
determinate  variation  sliould  also  find  a  place  in  any  list  of 
assumed  evolution  factors. 

While  it  is  apparent  that  variation  is  ever  present  and  also 
apparent  that  heredity  or  the  fact  of  likeness  is  always  ever  to 
be  relied  on,  the  exac^t  relationship  or  correlation  of  these  two 
evolution  factors  is  not  so  apparent.  That  heredity  often 
preserves  or  i>erpetuates  variations  after  they  have  occurred  is 
well  j)roved,  but  it  is  also  proved  that  some  variations  apiwaring 
in  the  parent  are  not  handed  on  to  the  parent's  offspring,  nor 
indeed  to  any  future  generations  of  the  line.  And  the  general 
answer  to  the  natural  query  raised  by  this  condition  is  that 
variations  which  are  congenital  or  blastogenic,  that  is,  are 
determined  at  birth  for  it  (although  they  appear  of  course  only 
after  development),  are  heritable  (that  is,  will  be  passed  on 
from  parent  to  offspring);  but  that  variations  or  modifications 
acquired  during  the  lifetime  of  the  individual,  that  is,  those  which 
arc  impressed  on  it  by  extrinsic  influences  during  its  "growing 
up  "  or  development,  will  not  be  heritable.  Thus  such  modifica- 
tions in  body  parts  as  may  be  produced  by  use  or  disuse,  or  by 
other  functional  stimulation  or  lack  of  it,  changes  caused  by 
mutilation  or  disease,  etc.,  are  believed  by  most  biologists  to  be 
non-heritable.  Hence  it  is  that  only  the  congenital  variations 
are  looked  on  by  these  biologists  as  of  importance  in  the  matter 
of  sjx}cies-forming.  Yet  the  whole  pre-l)arwinian  evolution 
theory  of  Lamarck  was  founded  on  the  assumption  that  the 
modifications  in  individuals  due  to  use,  disuse,  and  other  func- 
tional stinuilation,  in  a  word  that  all  body  change  and  adapta- 
tion, all  characters  acquired  during  the  lifetime  of  an  individual, 
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can  be,  in  some  degree  at  least,  handed  on  by  inheritance  to  the 
ofTspring.  And  there  are  to-day  many  Lamarckian  evolu- 
tionists. So  that  in  our  list  of  possible  evolution  factors  the 
so-called  Lamarckian  factor  should  not  be  omitted.  And  in 
connection  with  it  may  be  considered,  by  and  large,  the  imme- 
diate influence  or  non-influence  on  individuals  and  on  species 
of  all  environmental  conditions;  and  particularly  the  results 
of  such  influence  during  development.  In  fact  the  study  of 
develojmient  luis  come  largely  to  be  a  study  of  the  actual  in- 
fluences or  factors  that  determine  and  guide  growth,  instea<l  of 
one  j)urely  d(*scriptive  and  comparative  as  in  the  older  day8 
of  emhryological  study.  Some  of  tliese  factors  are  api>arently 
strictly  inherent  in  the  protoplasmic  germ  cells  and  in  the 
embryo  substance:  otliers  are  as  obviously  extrinsic  or  epigenetic. 
And  the  determination  of  the  relative  influence  and  jK)wer  of 
these  two  sets  of  developmental  factors  and  of  the  various 
members  of  each  s(^t  is  oiu>  of  the  most  eagerly  worked-at 
problems  of  modern  biological  study. 

Finally,  the  g(»iieral  term  adaptation  should  be  mentioned 
in  any  list  of  evolution  factors;  although  it  is  more  usually 
look(Ml  on,  not  as  a  factor,  but  as  an  evolution  problem  an<l 
indcHMl  one  of  th(»  greatest  of  the  problems.  Adaptation  is 
precisely  one  of  i\w  things  evoluticmists  are  trying  to  find  the 
causes  or  causal  factors  of.  Hut  nevertheless  the  adaptability 
of  life  stuff,  its  phusticity  and  capacity  of  advantageous  reac- 
tion, is,  to  many  biologists,  a  fundamental  fact  in  organic 
nature,  like  gravitation  or  chemical  aflinity  in  inorganic  nature: 
a  thing  basic  and  inexplicable,  and  in  itself  a  factor  whose  con- 
se<|u<ni<'<»s  are  to  1k»  determined  but  not  further  to  be  ques- 
tioned as  to  their  cause. 


CHAPTER  V 

NATURAL  SELECTION  AND  THE  STRUGGLE 
FOR    EXISTENCE;    SEXUAL  SELECTION 

The  tendency  to  regard  natural  selection  as  more  or  less  unnecessary 
or  superfluous  which  is  so  characteristic  of  our  day,  seems  to  grow  out 
of  reverence  for  the  all-sufficiency  of  the  philosophy  of  evolution,  and 
|>ious  belief  that  the  history  of  living  things  flows  out  of  this  philosophy 
as  a  necossarv  truth  or  axiom. — Brooks. 

La  selection  naturelle  eat  un  principe  admirable  et  parfaitement 
juste.  Tout  le  monde  eat  d 'accord  aujourd'hui  aur  ce  point.  Mais 
oif  Ton  n'est  pas  d 'accord,  c'est  sur  la  limite  de  sa  puissance  et  sur  la 
question  de  savoir  si  elle  pent  engendrer  des  formes  S|)ecifique8 
nouvellea.     II  semble  bien  demontre  aujourdliui  (juVlle  ne  le  pent. 

— Deiaoe. 

Of  all  the  various  factors  of  organic  evolution  the  one 
which  has  been  most  relied  on  as  the  great  determining  agent 
is  that  called  Natural  Selection,  the  survival  of  the  individuals 
best  fitted  for  the  conditions  of  life,  with  the  inheritance  of 
those  species-forming  adaptations  in  which  fitness  lies.  The 
primal  initiative  is  not  in  natural  selection,  but  in  variation, 
germinal  and  individual.  This  may  be  slight  variation  (fluc- 
tuation) or  large  deviation  (saltation),  but  in  any  case  all 
difference  in  species  or  race  must  first  be  individual.  The 
impulse  to  change,  once  arisen,  is  continued  through  here<lity. 
From  natural  selection  arises  the  choice  among  different  lines 
of  descent,  the  adaptive  tending  to  exclude  the  non-adaj)tive, 
while  traits  which  are  neither  helpful  nor  hurtful,  but  simply 
indifferent,  may  be  borne  along  by  the  current  of  adaptive 
characters.  Finally  separation  or  isolation  tends  to  preserve  a 
special  line  of  heredity  from  being  merged  in  the  mass  which 
constitutes  the  parent  stock  or  species. 

Without  individual  variation,  no  change  could  take  place; 
all  organisms  would  be  identical  in  structure.    Without  heredity, 
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if  we  could  conceive  such  a  condition,  no  change  would  persist. 
Without  selection,  there  would  be  no  premium  placed  on 
adaptive  characters,  and  organisms  would  persist  in  every 
degree  of  variance  with  their  surroundings.  Witliout  some 
degree  of  isolation,  every  change  would  be  lost  by  eross-hree<iinjr 
with  the  mass.  In  a  world  of  var\'ing  conditions  with  varying 
organisms,  it  is  not  conceivable  that  species  should,  througli 
all  their  generations,  undergo  no  change.  Nor  in  the  clianges 
of  any  sjx»cies  is  it  possible  that  any  one  of  the  factors  or  con- 
ditions named  al)ove  should  l>e  wholly  al>sent.  But  the  efforts 
of  each  one  mav  show  themselves  in  manv  different  wavs,  ami 
each  mav  l>e  modifi(Hl  bv  other  facts  or  ccmditions.  We  hav«» 
compannl  the  history  of  sjx*ci(*s  to  the*  flow  of  a  river.  A  single 
rock  may  change  the  course  of  a  stream.  In  like  manner 
incidental  circumstances  mav  determine  the  evolu(i(m  of  a 
8|x»ci(»s.  Or  using  a  different  metaphor  we  may  compare  the 
cours(»  of  a  siHH*i<*s  with  tiiat  of  a  glacier.  The  movement  of  a 
glacier  depends  on  the  law  of  gravitation  **r(viden(*'  within 
its  molecules.  Its  course  is  determimHl  by  tli^  to|K)graphy  of 
its  IhmI.  To  this  bed  it  is  |>erf(»ctly  fittcnl,  but  the  condition  of 
its  surface  (le|H»n(ls  on  circunistanci^s  related  neither  to  the  law 
of  gravitation  nor  to  the  form  of  its  IkhI.  A  S|)ecies  of  animui  or 
plant  is  well  fitted  to  its  conditions  in  life.  This  natural 
select i(m  rigidly  enforcers;  but  its  surface  characters,  which  are 
not  essential  to  its  life,  are  determine<l  bv  other  influences,  am! 
in  this  both  sel<»ction  and  environment  play  but  a  minor  part. 

All  animals  fc^ed  u|M)n  living  organisms  or  u|Km  that  wliirh 
has  bmi  living.  Hence  i^ach  animal  throughout  its  life  is  busy 
with  thr  dcstrurtion  of  the  other  organisms  or  with  their 
removal  aftcT  death.  If  th(»se  <Teatun»s,  animals,  or  plants  on 
which  animals  fcc'd,  an*  to  hol<l  their  own,  tliere  must  l)e  an 
<'\ccss  of  birth  and  dcvelopinnit  to  make  g<MMl  the  drain  ujnm 
tlH'ir  nimilMTs.  If  the*  plants  did  not  restore  their  lossc»s  the 
aninials  that  f(M»<l  on  them  would  perish.  In  like  f :ish ion  flesh- 
eatini:  animals  are  dejH'ntlent  «»n   those  vhieji    dnnl  on  ])lants. 

Hut  throughout  nature  then'  is  a  vast  ex<*ess  in  the  process 
of  re|>rodurtion.  More  plant<  spnmt  than  eouhl  fiml  staniting 
room  Were  all  to  grow.  M<»re  seeds  are  d«'Velo|HMl  than  can  luul 
plae*'  to  sprout.  Mori'  aniinaU  an*  burn  than  can  |H>ssibly 
sur\i\'e.  'Hm'  proeexs  of  increase  amonir  animals  is  rightly 
called  mult ijilicat ion.     VUivU  sjK'cies  tends  to  increase  in  gtH>- 
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metric  ratio,  but  as  it  multiplies  it  finds  the  world  already 
crowded  with  other  multiplying  species.  A  single  pair  of  any 
8|)ecies  whatsoever,  if  not  checked  by  adverse  conditions,  would 
soon  fill  the  whole  earth  with  its  progeny. 

An  annual  plant  producing  two  seeds  only  would  have 
1 ,048,576  descendants  in  twenty-one  years,  if  each  seed  sprouted 
and  matured.  But  most  plants  produce  hundreds  or  thousands 
of  seeds.  The  ratio  of  increase  is  a  matter  of  minor  importance. 
It  is  the  ratio  of  increase  above  loss  which  determines  the  fate 
of  species.  Those  s}wcies  increase  in  numbers  in  which  the 
pain  exceeds  the  rate  of  destruction  through  the  influence  of 
ot!i(T  sfK^cies  or  the  adverse  conditions  of  life.  Where  few 
enemi(^  exist  the  ratio  of  increase  need  not  be  large.  One  of 
the  most  abundant  of  birds  is  the  fuhnar  petrel  of  tlie  mid- 
Pacific.  It  lays  but  one  egg  yearly,  but  it  has  few  enemies  and 
tlie  low  rate  of  increase  suffices  to  cover  the  sea  with  fulmars 
within  the  regi<m  it  inhabits. 

It  is  not  easy  to  rcaHze  the  inordinate  numbers  any  species 
would  attain  were  it  not  for  the  checks  pro(luce<l  by  the  presence 
of  tlie  activity  of  otlier  organisms.  Certain  protozoa,  at  their 
normal  rate  of  increase — if  none  were  devoured  or  destroyed — 
might  fill  the  entire  ocean  within  a  very  short  time.  It  is  said 
that  the  conger  eel  lays  15,000,000  eggs  yearly.  If  each  hatched 
and  the  conger  grew  to  maturity,  in  a  few  years  there  would  be 
no  room  for  any  other  kind  of  fish  in  the  sea.  The  codfish  has 
been  known  to  produce  9,100,000  eggs  each  year.  If  each  egg 
were  to  develop,  in  ten  years  the  sea  would  be  solidly  full  of 
codfish. 

The  female  quinnat  salmon  of  the  Columbia,  Oncorhynchiis 
tchawytscha,  ascends  the  river  at  the  age  of  about  four  years, 
and  lays  4,000  eggs,  after  which  she  dies.  Half  these  eggs 
develop  into  males.  If  each  female  egg  came  to  maturity,  we 
shouhl  have  at  the  end  of  fifty  years  8,000,000,000,000,000,- 
000,000,000,000,000,000,0(X),000,o6o  female  salmon  and  as 
many  males  as  the  offspring  of  a  single  pair.  It  takes  about 
one  hundred  of  these  salmon  to  weigh  a  ton.  Could  all  these 
fishes  develop,  in  a  very  short  time  there  would  be  no  room 
for  them  in  all  the  rivers  of  the  North,  nor  in  all  the  waters  of 
the  sea. 

If  each  egg  of  the  common  house  fly  should  develop  and  each 
of  the  larvic  should  i'md  the  food  and  temperature  it  needed, 
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with  no  loss  and  no  destruction,  the  people  of  the  city  in  which 
it  happened  would  suffocate  under  the  plague  of  flies.  When- 
ever any  8|)ecies  of  insect  develops  a  large  percentage  of  the  eggs 
laid,  it  Ix^conies  at  once  a  plague.  Thus  originate  plagues  of 
locusts,  grasshopjx»rs,  and  caterpillars.  But  the  crowd  of  life 
renders  these  plagues  rare.  Scavenger-beetles  and  bacteria 
destroy  the  decaying  flesh  where  (he  fly  would  lay  its  eggs. 
Minute  creatures,  l)acteria,  protozoa,  other  insects,  are  para.sitic 
within  the  larva  itself.  Millions  of  flies  starve  to  death.  Mil- 
lions more  are  eaten  by  birds  and  preda<'eous  insc»cts.  Tlie 
final  result  is  that  from  vcur  to  vear  tlie  nuiiil)er  of  flic*s  does 
not  incre:ise.  Liniuriis  once  said  that  "three  flies  will  devour 
a  dead  horse  jis  cjuickly  as  a  lion."  (^uite  lis  mnm  wouhl  thnn* 
bacteria  with  their  descendants  r(»ach  the  same  result.  **  Kven 
slow-brecnling  man,"  says  Darwin,  "hius  doubliMl  in  twenty-five 
years.  At  this  rate  in  less  than  a  thousand  ye^rs  tliere  literally 
would  not  be  standing  room  for  his  progeny.  The  elephant  is 
reckoned  the  slowest  breeder  of  all  animals.  It  begins  brinnling 
when  thirty  years  old  and  goes  on  l>recHling  until  ninety  years 
ol<l,  bringing  forth  six  young  in  {\w  interval  and  surviving  to  l)e 
a  hundred  vears  old.  If  this  be  so.  after  alniut  800  vears  there 
should  1h»  10,(KK),(MM)  (^h'phants  alive  dc^eemled  from  the  first 
pair."  A  f<'\v  years  of  still  further  nuiltiplieation  without  check, 
and  ev(Ty  foot  of  the  earth  would  be  covered  by  elephants. 

Similar  cal<-ulations  may  he  nuide  in  rc^gard  to  any  8|HM*ies  of 
animal  or  j)lant  whatsoever.  F^ieli  one  increases  at  a  rate  which 
without  cheeks  would  make  it  soon  cover  the  earth.  Yet  the 
numl>er  of  individuals  in  a  state  of  nature  in  any  species  re- 
mains about  stationary.  With  the  interference  of  man,  in 
many  s|M»eies  the  nmnl)ers  slowly  diminisli;  very  few  increase. 
There  are  about  as  many  s(|uirrels  in  the  forest  one  year  as 
another,  as  many  butterflic»s  in  the  fiehl,  as  many  frogs  in  the 
|Kmd.  \Volv<»s,  iM'ars,  <1(ht,  ducks,  singing  birds,  fishes,  all  suf- 
fer from  man's  atta<'ks  or  man's  neglcM't  and  grow  fewer  year 
by  year.  It  is  manif<»st  that  the  tend(»ncv  to  reproduce  by 
g(M)metrie  ratio  nuM'ts  everywliere  with  a  corn^sjxmding  check. 
Tliis  cheek  is  known  as  \]\v  Struggle*  for  Kxistence. 

The  struggle  for  (existence  is  thriM'fold:  (a)  Among  indi\iduals 
of  one  sjM'ries,  as  wolf  against  wolf  or  sparrow  against  sparrow; 
(h)  ImM  w<H'n  individuals  of  <lifl'(Tent  sjMH'i(\s,  as  rabbit  with  wolf 
or  blue-bird  with  sparrow;  (r)  with  the  conditions  in  life — as 
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the  necessity  of  the  robin  to  find  water  in  summer  or  to  keep 
warm  in  winter.  All  three  forms  of  the  struggle  for  existence, 
intraspecific,  interspecific,  and  environmental,  are  constantly 
operative  and  with  every  species.  In  some  regions  or  under 
some  conditions  the  one  phase  may  be  more  destructive,  in 
others  another.  Any  one  of  these  may  be  in  various  ways 
modified  or  ameliorated.  When  the  conditions  of  life  are  most 
easy,  as  with  most  si>ecies  in  the  tropics,  there  the  conflict  of 
individuals  and  the  conflict  of  species  is  most  severe.  It  is  not 
possible  to  say  that  any  one  of  these  three  forms  of  sfruggle  and 
selection  is  more  potent  than  the  others.  In  fact,  the  first  and 
the  second  are  in  a  sense  forms  of  the  third.  AH  struggle  is, 
strictly  sjieaking,  with  the  conditions  of  life.     Those  individuals 


which  endure  this  struggle  survive  to  reproduce  themselves. 
The  rest  die  and  leave  no  progeny. 

Because  of  the  destruction  resulting  from  the  struggle  for 
existence,  more  individuals  in  each  species  are  born  than  can 
mature.  The  majority  fail  to  reach  maturity  because  for  one 
reason  or  another  they  cannot  do  so.  All  live  that  can.  Each 
animal  tries  to  feed  itself;  many  try  to  take  care  of  their  young. 
But  in  self  protection  and  in  propagation  of  the  species  very  few 
individuals  succeed  in  comparison  with  the  vast  number  which 
the  process  of  reproduction  calls  into  being. 

The  destruction  in  nature  is  not  indiscriminate.  In  the 
long  run  and  for  the  most  part,  those  creatures  least  fitted  to 
resist  are  the  first  to  i)eri8h.  It  is  the  slowest  animal  which  is 
soonest  overtaken  by  the  pursuers.     It  is  the  weakest  whii-h  is 
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crowded  aside  or  trampled  on  by  its  associates.  It  lathe  least 
adaptable  which  suffers  most  from  extremes  of  heat  and  cold. 
By  the  process  of  Artificial  Selection  the  breeder  improves  his 
stock,  destroying  his  weakest  or  least  comely  calves,  reserving 
the  strong  and  fit  for  parentage.  In  like  fashion,  on  an  in- 
conceivably large  scale,  the  forces  of  nature  sre  at  work  modify- 
ing and  fitting  to  the  demands  of  their  surroundings  the  different 
species  of  animals.  Because  the  processes  and  results  of  the 
stniggle  for  existence  seem  parallel  with  those  of  artificial 
selection,  Darwin  Euggcntcd  the  name  of  Natural  Selection 
for  the  sifting  process  as  seen  in  nature-  To  the  general  re- 
sult of  natural  selection,  Herbert  yj>enccr  has  applied  the  term 


Survival  of  the  Fittest.  By  fitness  in  this  sense  is  meant  only 
adaptation  to  surrounding  conditions,  for  tlie  process  of  natural 
selection  has  no  necessary  moral  element,  nor  does  it  necessarily 
work  toward  progress  among  organisms.  With  changing  con- 
ditions species  undergo  change.  JSonie  intlividuals,  by  the 
possession  of  slight  advantugeous  variations  of  structure  or  of 
instinct,  meet  these  new  demands  better  than  others.  These 
survive,  the  others  die.  The  survivors  produce  young  sharing 
in  part,  at  least,  their  own  advantages,  and  with  renewed  selec- 
tion the  degree  of  adaptation  increases  with  successive  genera- 
tions. 

To  tiie  process  of  natural  selection  wc  must,  in  most  cases, 
probably  ascribe  the  adjastnieiit  <if  sitecies  to  surroundings. 
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Natural  selection  does  not  create  species,  it  enforces  adaptation. 
If  a  species  or  a  group  of  individuals  cannot  fit  itself  to  its 
environment,  it  will  be  crowded  out  by  others  which  can  do  so. 
It  will  then  cither  disappear  entirely  from  the  earth,  or  it  will  be 
Hmited  to  that  region  or  to  those  conditions  to  which  it  is 
adapted.  A  partial  adjustment  tends  to  become  more  perfect, 
for  the  individuals  least  fitted  are  first  destroyed  in  the  struggle 
for  existence.  Very  small  variations  may  sometimes,  therefore, 
lead  to  great  changes.  A  side  issue  apparently  unimportant 
may  perhaps  determine  the  fate  of  a  species.  Any  advantage 
however  small  may  possibly  turn  the  scale  of  life.  "Battle 
within  battles  must  be  continually  recurring,  with  varying  suc- 
cess, yet  in  the  long  run  the  forces  are  so  nicely  balanced  that 
the  face  of  nature  remains  for  a  long  time  uniform,  though 
assuredly  the  merest  trifle  would  give  the  victory  to  one  organic 
being  over  another.^' 
Darwin  says: 

"  I  have  found  that  the  visits  of  bees  are  necessary  for  the  fertili- 
zation of  some  kinds  of  clover;  for  instance,  twenty  heads  of  white 
clover  (Tri folium  repens)  yielded  two  thousand  two  hundred  and  ninety 
seeds,  but  twenty  other  heads  protected  from  the  bees  produced  not 
one.  Again,  one  hundred  heads  of  red  clover  (Trifolium  pralense) 
pro<luced  two  thousand  seven  hundred  steeds,  but  the  same  number  of 
prott»cted  heads  j)roduced  not  a  single  seed.  Humble-bees  alone  visit 
re<l  clover,  as  other  bees  cannot  reach  the  nectar.  .  .  .  Hence  we  may 
infer  as  highly  i)robable  that,  if  the  whole  genus  of  humble-bees  became 
extinct  or  very  rare  in  England,  the  heartsea^se  and  red  clover  would 
become  very  rare  or  wholly  disii|>i>ear.  The  number  of  humble-bees 
in  any  district  dei)ends  in  a  great  measure  on  the  numlx^r  of  field  mice, 
which  destroy  their  combs  and  nests;  and  Colonel  Newman,  who  has 
long  attended  to  the  habits  of  humble-lx»es,  b(»lieves  that  more  than 
two-thirds  of  them  are  thus  d(»stroyed  all  over  I'Jigland.  Now  the 
number  of  mice  is  largely  de|^ndent,  as  everyone  knows,  on  the  num- 
ber of  cat^;  and  Colonel  Newman  says:  *  Near  villages  and  small  towns 
I  have  found  the  nests  of  humble-  bees  more  numerous  than  else- 
where, which  I  attribute  to  the  number  of  cats  that  destroy  the  mice.* 
Hence  it  is  quite  credible  that  the  presence  of  feline  animals  in  large 
numbers  in  a  district  might  (let(»rmine,  through  the  intervention 
first  of  mice  and  then  of  bees,  the  frequency  of  certain  flowers  in 
that  district." 
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Huxiey  carries  this  calculation  still  further  by  showing  that 
the  number  of  cats  depends  on  the  number  of  unmarried  women. 
On  the  other  hand,  clover  produces  beef,  and  beef  strength. 
Thus  in  a  degree  the  prowess  of  England  is  related  to  the  number 
of  spinsters  in  its  rural  districts!  This  statement  would  be  true 
in  all  seriousness  were  it  not  that  so  many  other  elements  come 
into  the  calculation.  But  whether  true  or  not,  it  illustrates  the 
way  in  which  causes  and  effects  in  biology  become  intertan^Unl. 

There  was  intnxluccd  into  California  from  Australia,  on 
young  lemon  trees,  twenty-five  years  ago,  an  insect  pest  calUnl 
the  cottony  cushion  scale  (Icerya  purchasi).  This  \)est  in- 
creased in  numbers  with  extraordinary  rapidity,  and  in  t^n  years 
threatened  to  destroy  completely  the  great  orange  orchards  (»f 
Cahfornia.  Artificial  remedi(*s  were  of  little  avail.  Finally,  an 
entomologist  was  sent  to  Australia  to  find  out  if  this  scale  insert 
had  not  some  s[)ecial  natural  enemy  in  its  native  country.  It  was 
found  that  in  Australia  a  certain  species  of  ladybird  l)eetle 
attack(Hl  and  fed  on  the  cottony  cushion  scales  and  kept  thorn 
in  chock  (Fig.  'M)),  Some  of  tluv^e  ladybirds  {Vedalia  canli- 
nalis)  were  brought  to  California  and  released  in  a  scale-inf«»sttHl 
orchard.  The  la(lyl)ir<ls,  having  plenty  of  fixKl,  thriveil  and 
produced  many  young.  Soon  they  wore  in  such  numln^rs  that 
many  of  tliom  could  bo  distributed  to  otlit*r  orclianls.  In 
two  or  throe  voars  tlio  Vo<lalias  had  IxH'ome  so  numerous 
and  widely  distributee  I  that  the  cottony  cushion  scales  Ix^gan 
to  diminish  |)ercoptibly,  and  soon  the  i)est  was  nearly 
wijKHl  out.  Hut  with  the  disap|H»arance  of  the  scales  came 
also  a  disiipjHaran'*(»  of  the  ladybirds,  and  it  was  then  ilis- 
covennl  that  tlie  Vcnlalias  ftnl  onlv  on  cottonv  cushion  scales 
and  could  not  live  whore  the  scalers  were  not.  So  now,  in  onler 
to  have  a  stock  of  VtHhiliivs  on  hand  in  California,  it  is  net-essarv 
to  ket»p  protoct(Hl  sonu»  coloni(*s  of  the  cottony  cushion  scale 
to  servo  as  finxl.  Of  course*,  with  the  disap|x>arance  of  the  pre- 
daceous  ladybirds  the  scale  began  to  increase  again  in  various 
parts  of  the  State,  but  with  the  sending  of  VeilaUas  to  th(»se 
localities  the  scale  was  again  crushed.  How  clase  is  the  inter- 
dependence of  thes<»  two  s|H»cios! 

There  is  little  foundation  for  the  current  belief  that  each 
8p<*cies  of  animal  has  originated  in  the  area  it  now  occupies,  for 
in  many  c:is(»s  our  knowlin^lge  of  paheontology  shows  the  reverse 
of  this  to  be  true.     Even  more  incorrect  is  the  belief  that  each 
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species  occupies  the  district  or  the  surroundings  best  fitted 
for  its  habitation.  This  is  manifested  in  the  fact  of  the  extraor- 
dinary fertility  and  persistence  shown  by  many  kinds  of  animals 
and  plants  in  taking  possession  of  new  lands  which  have  become, 
through  the  voluntary  or  involuntary  interference  of  man,  open 
to  their  invasion.  Facts  of  this  sort  are  the  "enormous  in- 
crease of  rabbits  and  pigs  in  Australia  and  New  Zealand,  of 
horses  and  cattle  in  South  America,  and  of  the  sparrows  of 
North  America,  though  in  none  of  these  cases  are  the  animals 
natives  of  the  countries  in  which  they  thrive  so  well "  (Wal- 
lace)- The  persistent  spreading  of  European  weeds  to  the 
exclusion  of  our  native  plants  is  a  fact  too  well  known  to  every 
farmer  in  America.  The  constant  moving  westward  of  the 
white  weed  and  the  Canada  thistle  marks  the  steady  deteriora- 
tion of  our  grass  fields.  The  cockroaches  in  American  kitch- 
ens represent  invading  species  from  Europe.  The  American 
cockroaches  live  in  the  woods.  Perhaps  a  majority  of  the 
worst  insect  pests  of  the  United  States  are  of  European  or 
Asiatic  origin.  Especially  noteworthy  are  cases  of  this  type 
in  Australia  and  New  Zealand.  In  New  Zealand  the  weeds 
of  Europe,  toughened  by  centuries  of  selection,  have  won  an 
easy  victory  over  the  native  plants. 

Dr.  Hooker  states  that,  in  New  Zealand  "the  cow  grass  has 
taken  possession  of  the  roadsides;  dock  and  watercress  choke 
the  rivers;  the  sow  thistle  is  spread  all  over  the  country,  growing 
luxuriantly  up  to  6,000  feet;  white  clover  in  the  mountain  dis- 
tricts displaces  the  native  grasses."  The  native  Maori  saying 
is:  "As  the  white  man's  rat  has  driven  away  the  native  rat,  as 
the  European  fly  drives  away  our  own,  and  the  clover  kills  our 
fern,  so  will  the  Maoris  disappear  before  the  white  man  himself." 

IVof.  Sidney  Dickinson  gives  the  following  notes  on  the 
rabbit  and  other  plagues  of  Australia: 

"The  average  annual  cost  to  Australasia  of  the  rabbit  plague  is 
£700,000,  or  nearly  $iJ,50(),0(X).  The  work  which  these  enonnous  figures 
represent  has  a  marked  effect  in  reducing  the  nunilxjr  of  rabbits  in  the 
better  districts,  although  there  is  little  to  suppose  that  their  extermina- 
tion will  ever  be  more  than  partial.  Most  of  the  larger  runs  show  very 
few  at  present,  and  rabbit-proof  fencing,  which  has  been  set  around 
thousands  of  square  miles,  has  done  much  to  check  further  inroads. 
Until  this  invention  began  to  be  utilized  it  was  not  uncommon  to  find 
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as  many  as  a  hundred  rabbitcrs  employed  on  a  single  property  whone 
working  average  was  from  three  hundred  to  four  hundred  rabbits  |ier 
day.  As  they  received  five  shillings  a  hundred  from  the  station  owner, 
and  were  also  able  to  sell  the  skins  at  eight  sliillings  a  hundre<l,  their 
profession  was  most  lucrative.  Seventy-five  <lollars  a  week  was  not 
an  uncommon  wage,  and  many  an  unfortunate  s(]uatter  hnikcMl  with 
envy  upon  the  rabbiters,  who  were  heaping  up  modest  fortuncjs.  while 
he  himself  was  slowly  IxMng  eaten  out  of  house  an<l  home. 

"The  fecundity  of  the  rabbit  is  amazing,  an<l  his  invasion  of  remote 
districts  swift  and  mysterious.  Can^ful  estimates  show  that,  iiiulrr 
favorable  conditions,  a  pair  of  .\ustralian  rabbits  will  pnMhut'  h\ 
litters  a  year,  averaging  five  individuals  each.  .\s  the  offspring  tlH'in- 
selves  lx»gin  brecnling  at  the  age  of  six  months,  it  is  shown  that,  at  this 
rate,  the  original  pair  might  l)e  responsible  in  five  years  for  a  prnjifiiy 
of  over  twenty  millions.  That  the  original  s<'ore  that  were  brought  to 
the  country  have  propagated  after  .some  such  ratio,  no  one  can  <loiibt 
who  has  scHMi  the  enormous  hordes  that  now  <leva.state  the  land  in 
certain  districts.  In  ail  but  the  rcmot<T  sc»ctions,  the  rabbits  ari'  now 
fairly  mulcr  control;  our  rabbit^T  with  a  pack  of  dogs  su|HTvir^'s 
stations  where  one  hundred  were  eniplove<l  ten  years  ago,  and  uiili 
ordinary  vigilance  tln'  s<|uatt4Ts  have  little  to  fear.  Millions  of  the 
animals  have  Ihhmi  killed  by  f<MJcing  in  the  water  holes  and  <lains  durin;: 
a  drv  s<»ason.  when-bv  thev  <lied  of  thirst,  ainl  lav  in  en<>rnious 
piles  acainst  tlu'  obstructi(»ns  they  had  franti<*ally  and  vainly  striven 
to  climb,  and  |»oisone<l  grain  and  fruit  have  killed  myriads  mon\  A 
fortune  of  rJ."),(KK)  offere<l  bv  the  New  South  Wales  (lovernment  still 
awaits  the  man  who  can  invent  some  means  of  giMieral  destruction, 
and  the  knowle<lge  of  this  fact  has  brought  to  the  notice  of  the  various 
colonial  goverinnents  some  very  original  devices. 

**.\notlnT  gn'at  fM'st  to  th(»  s<|nattcrs  is  developing  in  the  foxes, 
two  of  which  wen*  iinport^'d  from  ('innlM>rland  some  yt»ar>*  ago  by  a 
wealthy  station  owner,  who  thought  that  they  might  bre<Ml,  and 
give  irnns4>lf  and  friends  an  (M*casional  day  with  the  hounds.  His 
m<Mlexit  de.sires  were  soon  met  in  tin*  dcvel<»|>!nent  of  a  race  of  fox<*s 
far  surpassing  the  Mnglish  variety  in  stnMigth  and  aggn*ssivene.ss, 
which  not  only  d<*vour  many  sh«M»|»,  but  out  of  pun*  <lepravity  worry 
an»l  kill  ten  times  as  many  as  they  can  eat.  When  to  the.*4t»  plagues  is 
added  the  ruin  of  thousjinds  of  acres  from  the  sprea<l  of  the  thistle, 
which  a  canny  S<ot  brought  from  the  Highlands  to  ke<»p  aHve  in  his 
bn»ast  the  memories  of  Wallace  and  Bruce;  the  well-nigh  resi.stless 
innmds  of  furze;  and,  in  New  Zealand,  the  bUn-king  up  of  rivers  by 
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the  English  watercress,  which  in  its  new  home  grows  a  dozen  feet  in 
length,  and  has  to  be  dredged  out  to  keep  navigation  open,  it  may  be 
understood  the  colonials  look  with  jaundiced  eye  upon  suggestions 
of  any  further  interference  with  Australian  nature. 

**Xot  to  be  outdone  by  foreign  importations,  the  country  itself 
has  shown  in  the  humble  locust  a  nuisance  quite  as  potent  as  rabbit, 
fox,  or  thistle.  This  bane  of  all  men  who  pasture  sheep  on  grass  has 
not  lx»en  much  in  exndence  until  within  the  last  few  years,  when 
the  great  destruction  of  indigenous  birds  by  the  gun  and  by  poisoned 
grain  strewn  for  rabbits  has  facilitated  its  increase.  The  devastation 
caiL*^ed  by  those  insects  last  year  was  enormous,  and  befell  a  district  a 
thousand  miles  long  and  two  thousand  wide.  For  days  they  passed  in 
clou<ls  that  darkened  the  earth  with  the  gloomy  hue  of  an  eclipse, 
while  the  grouiul  was  covered  with  crawling  millions,  devouring  every 
grwn  thing  and  giving  to  the  country  the  a|>|)earance  of  Ix'iiig  caq^eted 
with  scales.  It  has  l)een  discovered,  however,  that  before  they  attain 
their  winged  state  they  can  easily  be  destroyed,  and  energetic  measures 
will  b<»  taken  against  them  throughout  all  the  inhabited  districts  of 
Australia  whenever  they  make  another  appearance." 

The  conditions  of  the  struggle  for  existence  are  not  neces- 
sarily felt  as  an  individual  stress  to  the  individuals  which  sur- 
vive. The  life  thev  lead  is  the  one  for  which  they  are  fitted. 
The  struggle  is  painful  or  destructive  only  to  those  imperfectly 
adaptcnl.  Men  in  general  are  fitted  to  the  struggle  endured  by 
their  ancestors  as  they  are  adapted  to  the  pressure  of  the  air. 
They  do  not  recognize  the  pressure  itself  hut  only  its  fluctua- 
tions. Hence  nuiny  writers  have  supposed  that  the  struggle 
for  existence  belongs  to  animals  and  plants  and  that  man  is 
or  should  be  exempt  from  it.  Comjjetiticm  has  been  identified 
\iith  injustice,  fraud,  or  trickery,  and  it  has  been  supposed  that 
it  could  l>e  abolished  by  acts  of  benevolent  legislation.  But 
comp<»tition  is  inseparable  from  life.  The  struggle  for  existence 
may  he  hidden  in  social  conventions  or  its  effects  more  evenly 
distributed  through  processes  of  mutual  aid,  but  its  necessity  is 
always  present.     Competition  is  the  source  of  all  progress. 

The  first  suggestion  of  the  doctrine  of  natural  selection 
came  to  Darwin  through  the  law  of  i)opulation  as  stated  by 
Tliomas  Malthus.  The  law  of  Malthus  is  in  substance  as  fol- 
lows: Man  tends  to  increase  by  geometrical  ratio — that  is,  by 
multiplication.    The  increase  of  food  supply  is  by  arithmetical 
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ratio — that  is,  by  addition;  therefore,  whatever  may  be  the  ratio 
of  increase,  a  geometrical  progression  will  sooner  or  later  outrun 
an  arithmetical  one.  Hence  sooner  or  later  the  world  must  be 
overstocked,  did  not  vice,  misery,  or  prudence  come  in  as  checks, 
reducing  the  ratio  of  multiplication.  This  law  has  been  criti- 
cised as  a  partial  truth,  so  far  as  man  is  concerned.  This  means 
simply  that  there  are  factors  also  in  evolution  other  than  thase 
recognize<l  by  Malthus.  Nevertheless,  Malthus's  law  is  a  sound 
statement  of  one  great  factor.  And  this  law  is  simply  the  ex- 
pression of  the  struggle  for  existence  as  it  a|>pears  among  men. 

The  doctrine  of  organic  evolution  was  first  placed  on  a  firm 
basis  by  Darwin,  because  Oarwin  was  the  first  who  clearly 
defined  the  force  of  natural  selection.  Darwin,  however,  rec- 
ognized other  factors,  known  or  hypothetical,  and  wa.s  inter- 
ested more  in  showing  the  fact  of  descent  and  one  caus€'  of 
modification  than  in  insisting  on  the  all-sufficiency  of  the  cause 
especially  defined  by  himself. 

In  later  times,  Weismann  and  his  followers  have  laid  more 
exclusive  stress  on  natural  selection  and  its  AUmacht  or  ex- 
clusive |X)wer  in  bringing  about  organic  evolution.  This  view 
is  known  as  Xeo- Darwinism  and  the  school  of  workers  who 
profess  it  as  Neo- Darwinians.  Few  investigators  question 
the  far-reaching  influence  of  natural  selection,  but  there  are 
many  pha.ses  in  organic  evolution  which  cannot  he  ascrilxHl 
to  it.  Hence  the  search  for  other  factors  has  l)een  assiduouslv 
prosecuted,  and  doubts  of  Darwinism  have  l>een  widely  ex- 
presses!; but  this  doubting  has  lxH»n  thrown  not  so  much  on 
the  Darwinism  of  Darwin,  nor,  as  a  rule,  on  the  law  of  natural 
selection,  but  rather  on  the  AUmacht  claimed  for  it  by  Weis- 
mann and  his  a.^s<)ciates. 

Without  attem|)ting  any  elaborate  discussion  of  questions 
still  far  from  settled  we  may  venture  these  suggestions: 

1.  (liven  the  facts  of  individual  variation,  of  inheritance, 
and  some  check  to  frcHnlom  of  migration,  natural  selection  would 
accomplish  some  form  of  organic  evolution;  s|)ecies  would  be 
formeil  by  the  survival  of  the  adapted,  adaptations  would  be 
per|)etuated.  and  minor  diff'erences  would  develop  in  time  into 
dee|)-seat(*<l  diff'erences. 

2.  With  natural  selection  alone,  however,  the  actual  facts  in 
organic  evolution  as  we  know  them  would  apparently  not  be 
achieved. 
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3.  In  other  words,  while  natural  selection  furnishes  the 
motive  force  of  change,  other  influences,  extrinsic  and  intrinsic, 
help  to  direct  the  channels  in  which  life  runs.  It  is  necessary  to 
consider  other  causes  for  the  great  body  of  indifferent  characters 
or  traits  not  produced  by  adaptation,  and  apparently  not  yield- 
ing either  advantage  or  disadvantage  in  the  struggle  for  life. 

4.  The  formation  of  species  of  animals  and  plants  through 
natural  selection  finds  an  analogy  in  the  formation  of  rivers 
through  gravitation.  Gravitation  is  the  motive  power  carrying 
the  waters  from  the  uplands  to  the  sea.  The  courses  of  streams 
are  determined  by  a  number  of  minor  influences  acting  in  con- 
currence with  gravitation,  the  final  result  far  more  complex  than 
the  single  cause  would  produce. 

5.  In  like  fashion,  while  natural  selection  is  the  motive 
element  in  descent  or  evolution,  the  total  result  is  due  to  a 
concurrence  of  causes,  and  is  too  complex  to  be  explained  by 
natural  selection,  by  the  principle  of  utility,  or  tlio  survival  of 
the  fittest  alone,  and  the  varying  effects  must  be  ascribed  to  a 
variety  of  causes. 

Certain  minor  traits,  as  color  patterns,  relative  proportions 
of  parts,  survive — apparently  without  special  utility,  but  because 
these  traits  were  borne  by  some  ancestors  or  group  of  ancestors. 
This  has  been  called  the  Survival  of  the  Existing.  In  making 
up  the  fauna  or  flora  of  any  region  those  organisms  actually 
present  when  the  region  is  first  stocked  must  leave  their  qual- 
ities as  an  inheritance.  If  they  cannot  maintain  themselves 
their  breed  disappears.  If  they  maintain  themselves  in  iso- 
lation their  characters  remain  as  those  of  a  new  siw^cies.  In 
hosts  of  cases,  the  survival  of  characters  rests  not  on  any 
special  usefulness  or  fitness,  but  on  the  fact  that  individuals 
possessing  these  characters  have  inhabiteil  or  invaded  a  certain 
area.  The  principle  of  utility  explains  survivals  among  com- 
peting structures.  It  rarely  accounts  for  ciualities  associated 
with  geographic  distribution.  The  nature  of  the  animals  which 
first  colonize  a  district  must  determine  what  tlie  future  fauna 
shall  be.  From  their  actual  siKM-ific  cliaracters,  largely  traits 
neither  useful  nor  harmful,  will  be  derived  for  the  most  part 
the  specific  characters  of  their  successors. 

It  Is  not  essential  to  the  meadow  lark  that  he  should  have 
a  black  blotch  on  the  brciist  or  the  outer  tail  feathers  white. 
Yet  all  meadow  larks  have  these  marks,  as  all  shore  larks  ix)ssess 
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the  tiny  plume  behind  the  ear.  Any  character  of  the  parent 
stock,  which  may  prove  harmful  under  new  relations,  will  Ih» 
eliminated  by  natural  selection.  Those  especially  helpful  will 
be  intensified  and  modified.  But  the  ^eat  IxkIv  of  cliaracters. 
the  marks  by  which  we  know  the  sp)ecies,  will  be  neither  helpful 
nor  hurtful.  These  will  be  meaningless  streaks  and  s|H)ts, 
variations  in  size  of  parts,  peculiar  relations  of  scales  or  hair  or 
feathers,  little  matters  which  can  neither  help  nor  hurt,  but 
which  have  all  the  i)ersistence  heredity  can  pive. 

In  regard  to  natural  seh^ction  our  knowle<lge  seems  positive. 
In  regard  to  most  other  factors  of  organic  evolution  we  hav<' 
to  deal  so  far  not  with  clearly  demonstrattnl  facts  but  with 
"probabilities  of  a  higher  or  lower  order,"  their  value  to  Iw 
ultimately  shown  by  exj)eriment. 

In  this  connection  the  following  words  of  Dr.  Ivlwin  (Iraut 
Conklin  are  very  ix?rtinent: 

"Oil  the  whole,  then,  I  Ix^liovo  tho  farts  wliich  are  at  pn'si'iit  at  our 
dJHposal  justify  a  rrturn  to  thr  )>osition  of  Darwin.  Nt'ithiT  W'lis- 
maiuiisin  nor  I^unarckisin  aiono  can  rxjtlain  thr  ('aus4*s  of  evohitiou. 
But  Darwinism  can  cx)»lain  thos<»  caus<'s.  Darwin  endeavored  to  sh<»w 
that  variations,  jM^haps  even  adaptations,  wen*  the  result  of  e\trinsi<* 
factors  a<'ting  upon  the  organism,  and  that  these*  variations  or  ada|>- 
tations  wen*  increas4'd  and  improved  by  natural  s4'lertion.  This  is,  1 
believe,  tlu*  only  ground  wliich  is  at  pn's«Mit  t<'nal)le,  and  it  is  but 
another  testimony  to  the  gn^atness  of  that  man  of  men  tliat,  after 
exploring  for  a  won*  of  years  all  the  ins  and  outs  of  pure  s<'lection  an«l 
pure  ada))tation,  men  an*  now  <*oming  back  to  the  position  outlined 
and  unswervingly  maintained  by  him." 

Finally  we  ought  not  to  supiM)se  that  we  have  already 
readn**!  a  satisfactory  solution  of  the  evolution  problem,  or 
are,  indeed,  near  such  a  solution. 

"We  must  not  conc(*al  from  ours«»lves  the  fa<'t,"  siiys  Houx,  *'that 
the  causid  investigation  of  organisms  is  one  of  the  most  difficult,  if 
not  the  most  difficult,  problems  which  the  human  intellect  haf*  at- 
tem|»ted  to  solve,  aiul  that  this  investigation,  like  every  causal 
science,  <*an  nev<»r  reacli  completeness,  sinc<*  every  new  cau.««*  juwvr- 
tained  only  gives  rise*  to  fn^sh  ({uestions  conci»rning  the  cause  of  this 
causi*." 
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In  order  to  explain  certain  important  plienomena  outside 
the  apparent  range  of  natural  selection,  a  theory  of  another  sort 
of  s«'lertivo  aclivily  is  recoRnized  by  many  bioloKistB.  This  is 
the  theory  of  Sexual  Selection  first  propounded  by  Darwin. 


Differences  IWwoen  nmie  and  female  individuals  of  the  sanie 
species  are  the  rule  rather  than  the  exception  (Fig.  40).  Many 
of  ihese differences  are  what  iiiip;ht  be  calle<l  the  ncces.'iary  ones 
rUie  to  the  particular  fimolions  assumed  by  each  individual  in  this 
difTeronlialion  of  sex.  Of  this  nature  are,  Ix'sides  those  funda- 
mental ones  of  the  primary  reproductive  ones,  such  others  aa 
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those  specially  connected  \^ith  the  care  and  rearing  of  the 
young;  as  the  nianimac  of  female  mammals,  the  brood  poiichc^s 
of  the  female  kangaroos  and  ojx>ssum8,  etc.  But  a  moment  \s 
reflection  calls  to  mind  the  existence  of  a  host  of  other  diflfor- 
ences  between  males  and  females  of  the  same  sfwcies  which 
plainly  have  no  such  immediate  relation  to  the  distinct  functions 
or  duties  assumed  by  each  in  the  business  of  pro<luction  and 
care  of  young.  For  example,  the  long  j)lume  feathers  of  tlic 
male  bird  of  paradise,  the  curious  chitinous  horns  of  the  male 
leaf-chafer  beetles  (Fig.  41),  the  brilliant  plumage  of  many  inah* 
birds  as  contrasted  with  the  sol)er  dress  of  the  females,  and  a 
host  of  other  distinguishing  characteristics  of  the  sexes  in  many 
animal  species.  Now  these  differences  are  all  conveniently 
named  by  the  phrase  "secondary  sexual  differences,"  and  tin' 
explanation  of  their  origin  has  come  to  be  one  of  the  mo.st 


Fio.  41.— Male  an«l  fofimlc  S<«nrnJH'i<J  \tcct\f^,  PhnnruM  mrxicnnu$,  ^h•>winK  i*»x  tiiinor- 
phi>«iii:  the  riuilc  »nfi  proriuiiont  <lt»r?«al  horn  on  hca<l.     (From  j<iK*cum*nj«.) 

puzzling  of  biological  problems.  The  most  familiar  and.  for 
many  years,  a  widely  accepted  solution  of  this  problem,  is  that 
embraced  in  the  tlieory  of  sexual  selection  projHJstMl  an<i  fought 
for  by  Darwin  and  Wallace,  but  later  discardeil  by  the  latter 
of  these  great  naturalists. 

Before  taking  uj)  the  sexual  selection  explanation  of  dis- 
tinguishing sex  cliaractcrs,  it  is  well  to  pay  a  little  further 
attention  to  tlie  characters  thcinst^lves.  And  for  this  puriK>sc»  a 
rough  grouping  or  classification  may  Im»  attempted. 

The  characters  may  Im»  of  s|HM'ial  use  to  the  |K>ss4»ssor  (male 
or  female)  or  for  the  Iw^nefit  of  th(»  yoimg,  such  as  weajKHis  of 
offense  and  defense  (antlers  of  male  dcMT,  stings  of  female  Ihv 
and  wasp,  tusks  of  nuile  swine,  etc.),  or  sjH'cial  organs  for  mat- 
ing (seizing  and  holding  organs  of  certain  male  crabs,  suckerlike 
holding  pads  on  the  feet  of  mal<*  wat<T  l)eetlc*s  (Fig.  42),  or  s|H*cial 
locomotory  organs  (presence  of  wings  in  the  male  and  their 
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absence  in  the  female  in  numer- 
ous insect  species),  or  special 
sense  organs  (the  much  more 
expanded  antenmc  of  male  cecro- 
pia,  promethea,  polyphemus,  and 
other  bonibycine  moths,  as  com- 
pared with  those  of  the  female), 
or  special  structures  for  the  care 
of  the  young  (milk  glands  of 
female  mammals,  brooti  pouches 
of  female  marsupials,  pits  on  tlie 
back  of  the  male  of  the  frog  Pipa 
(Fig.  43),  for  carrying  the  eggM, 
etc.)i  or  recognition  marks  (the 
eye  spots,  collars,  wing  bands, 
tail  blotches,  and  snch  other  con- 
spicuous color  s|x>ts  and  mark- 
ings possessed  by  the  males  and 
wanting  in  the  females  of  various 
bird  species),  or,  finally,  char- 
acters connected  with  special 
habits  of  one  sex  differing  from  ^ 

those   of   the  other   (the  pollen      cxi>iiru>i.in  of  iiii>  ire.    (Afur  Miaii.) 
baskets  and   wax  plates  of  the 

worker  female  honey  l>ee3,  the  winglossness  of  certain  female 
parasitic  insects,  the  males  being  nonparasitic  and  winged,  etc.). 
The  special  characters  may  be 
appiirenlly  for  tlic  purpose  of  attract- 
ing or  e.vciling  tlie  otlier  sex,  as  the 
briUiant  colors,  markings,  and  other 
ornamentation  of  many  male  birds, 
some  mammals,  and  some  reptiles 
and  very  many  fishes,  and  the  cries 
and  songs,  sjiecial  o<h)rs,  and  curious 
antics  or  dancing  of  the  males  of 
various  animals  (mammals,  birds. 
spiders,  insects,  etr.).  In  many  of 
these  cases  the  special  secondary 
sexual  characters  appear  only  during 
the  breeding  season;  in  others  they 
1  bKk.  (AfMr  D^wwiu.)      are  persistent- 
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The  characters  may  also  be  of  the  type  called  reciprocal, 
that  is,  organs  which  exist  in  functional  condition  in  one  sex,  hut 
in  the  other  appear  in  rudimentary  and  often  nonfunctional 
forms,  as  the  reduced  horns  of  female  antelo|x^  and  goats,  the 
undeveloped  stridulating  organs  of  female  crickets  and  katydids, 
small  spurs  on  the  female  j)heasant,  reduced  mamnue  of  male 
manunals,  undeveloped  mimicry  of  male  butterflies,  etc. 


Fia.  44. — Male  (A^  ami  fi-rimlo  (li)  <jf  th#»  fly.  (^<th>ttirmi  in«i<;ni<i  Al«l..  ••howiiiK  J«econ<lary 
m*xual  rhururteri."<ti<-.H  on  the  fet»t  of  ih**  male.      (After  AUlnrh.) 

Finallv  the  characters  mav  he  indifferent,  that  is,  without 
any  apparent  utility;  as  the  reducinl  wings  of  muneroiLs  feiiutlc 
insects,  the  rudimentary  alimentary  canal  of  the  male  Rota- 
toria, alxsence  of  antl<»rs  of  female  cKht,  loss  of  wings  in  iii.sect 
females,  small  diffen^ncc^s  in  size  and  markings  between  males 
and  females,  slight  diffen'nc<\s  in  wing  form  in  hunnningbirds, 
dragon  flies,  and  butterflit^,  differences  in  number  of  tarsal 
and  antennal  .segments  in  insects,  etc. 

The  explanation  of  these  various  differences  betwe(»n  mal(»s 
and  f(Mnali^  plainly  cannot  Ik»  a  single  one.  The  extreme  vari- 
etv  of  the  s(»c()n(larv  sexual  difTen*net»s  of  itself  nuikt^  it  neei^s- 
sary  to  find  more  than  one  explanation  for  th<»ir  existence.  To 
take  the  most  obvious  ca.se,  it  is  apparent  that  the  u.seful 
charact<'rs,  sucli  as  tin*  fighting  antlers  of  the  male  d(MT.  can  Ih* 
explained  probably  by  natural  selection.  At  h'lust  th(\se  char- 
acters fall  readily  into  line  with  precisely  that  tyix*  of  us(»ful 
Bpecialization  for  whose  explanati(»n  we  rely  on  natural  s*»lec- 
tion.  So  practically  all  those  secondary  s<'xual  characters  of 
our  first  category,  namely,  tliost*  obviously  useful  to  the  pos- 
sessor or  to  its  yoimg.  such  as  organs  of  ofT<'n.s<»  and  defense. 
br(MMl    jMiuches,   foci<l-prixlucing   or   gathering    organs,    s|)ecial 
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means  of  locomotion,  etc.,  may  bp  considerod  to  offer  no  special 
problem.  Although  indeed  the  reason  why  these  useful  char- 
acteristics should  be  posscsscil  by  but  one  sex  is  by  no  means 
always,  or  perhaps  even  often,  plain  to  us. 

But  the  real  problem  presented  by  secondary  sexual  char- 
acters is  that  thriLst  on  us  by  the  noniiseful  and  even  appar- 
ently disadvantageous  differences.  Why  the  male  bird  of  para- 
dise should  be  decked  out  in  a  plumage  certain  to  make  it 
a  conspicuous  object  to  every  enemy  it  has,  and  of  a  weight  and 
difficulty  of  manipulation  that  nui.st  mean  a  constant  demand 
on  the  strength  and  attention  of  the  bird,  is  a  ijiiestion  that 
demands  a  sjiecial  answer.  In  the  siiiiie  ciise  with  the  bird 
of  paradise  arc  t  he  ix;a<;ock,  the  gorgeous  male  pheasant  (Fig.  45) , 


many  hummingbirds  (Fig.  40),  etc.  Now  to  explain  these  ex- 
traordinary secondary  sexual  differences  the  theory  of  sexual 
selection  has  been  devised. 

This  theory,  in  few  words,  is  that  there  is  practically  a 
competition  or  struggle  for  mating,  and  that  those  males  arc 
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succoasful  in  this  struggle  which  arc  the  strongest  and  l)ost 
arnieil  or  equipped  for  battle  among  themselves,  or  which  are 
most  acceptable  by  reason  of  ornament  or  other  attractiveness 
to  the  females.  In  the  former  case  mating  with  a  certain 
female  depends  upon  overcoming  in  fight  the  other  suitors,  the 
female  being  the  passive  reward  of  the  \nctor;  in  the  second  case 
the  female  is  presumed  to  exercise  a  choice,  this  choice  de|x»nd- 
ing  upon  the  attractiveness  of  the  male  (due  to  color,  pattern, 
plumes,  processes,  odor,  song,  etc.).  The  actual  fighting  among 
males,  and  the  winning  of  the  females  by  the  victor  is  an  ol)- 
serveil  fact  in  the  fife  of  numerous  animal  siK*ci(*s.  Hut  a  s|k»- 
cial  sexual  selection  tluxirv  is  liardiv  necessiirv  to  explain  the 
develoj)ment  of  tlie  fighting  eijuipment,  antlers,  spurs,  claws, 
tusks,  etc.  This  fighting  array  of  the  male  is  simply  a  siKH-ial 
phase  of  the  already  recogniziMl  intras|)ecific  struggle;  it  is  not  a 
fight  for  r(K)m  or  food,  but  for  the  chance  to  mate.  Hut  this 
chance  often  de|)ends  on  the  issue  of  a  life  and  deatli  struggle. 
Natural  selection  would  thus  account  for  the  development  of 
the  wea]H)ns  for  this  purpose. 

For  thedevclojJiiient,  however,  of  such  secondary  e(|ual  char- 
acters as  ornament,  whether  of  siH'cial  plumag<\  color,  pattern,  or 
pn)ces.scs,  and  song,  and  six^cial  cnlors,  and  **love  daiK'iiig."  the 
natural  selection  theorv  <*an  in  no  wav  account;  the  tlHM)rv  of 
S(*xual  sele<*tion  was  the*  logical  and  nec(»ssary  auxiliary  throry, 
and  when  first  proiM)sed  it  met  with  cpiick  and  wide  ac<'cptance. 
Wallace  in  particular  t<M»k  up  the  tlKH)ry  and  applicHl  it  to  ex- 
plain numy  casi^s  of  renuirkable  plumage  and  pattern  d('V(»lo|>- 
ment  among  birds.  LatcT,  as  he  aimlyzi»d  more  carefully  his 
cases,  and  those  proj>osi»d  by  others,  he  became  doubtful,  and 
finally  wholly  skeptical  iis  to  the  theory. 

The  th(H)ry  iis  pro|H)scMi  by  Darwin  wjis  base<l  on  the  follow- 
ing general  :issumptions,  for  the  pr(H)f  of  each  of  which  various 
illustrations  were  adduc(Ml.  First,  manv  sccondarv  sexual 
characters  are  not  explicable  by  natural  .s(»lection;  they  are  not 
useful  in  the  struggle  for  life.  S(»cond.  the  malt»s  scvk  the 
females  for  tlie  siike  of  pairing.  Third,  the  nudes  are  mon» 
abundant  than  the  femal(»s.  Fourth,  in  numv  cjis(^  there  is  a 
struggle  among  the  nuiles  for  the  jKissession  of  the  females. 
Fifth,  in  many  other  cases  the  f(Mnal(»s  ch(M)S(»,  in  gentTal.  those 
males  sjHM-ially  distinguislunl  jjy  more  brilliant  colors,  more 
c<mspicuous  ornaments,  or  other  attractive  characters.     Sixth, 
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many  males  sing,  or  dance,  or  otherwise  draw  to  themselves 
the  attention  of  the  females.  Seventh,  the  secondary  sexual 
characters  arc  especially  variable.  Darwin  believed  that  he 
had  observed  certain  other  conditions  to  exist  which  helped 
make  the  sexual  selection  theory  probable,  but  the  conditions 
noted  are  sufficient  if  they  are  real. 

Exposed  to  careful  scrutiny  and  criticism,  the  theory  of 
sexual  selection  has  been  relieved  of  all  necessity  of  explaining 
any  but  two  categories  of  secondary  sexuul  characters;  namely, 
the  special  weaix)ns  borne  by  males,  and  si)ecial  ornaments  and 
excitatory  organs  of  tlie  males  and  females.  For  examination 
has  disclosed  tlic  fact  that  males  arc  not  alone  in  tlie  possession 
of  special  characters  of  attraction  or  excitation.  Regarding 
tliese  two  categories  Plate  in  his  able  recent  defense  of  Darwinism, 
says  "  tlie  first  part  of  tliis  tlieory,  tlie  origin  of  tlie  s|iecial 
defeiLsive  and  offensive  weapons  of  males  througli  sexual  selec- 
tion, is  nearly  universally  accepted.  Tlie  second  part  of  the 
theory,  the  origin  of  exciting  organs,  has  given  rise  to  nmch 
controversy.  Undoubtedly  the  presumption  tliat  the  females 
compare  the  males  and  then  choose  only  those  which  liave  the 
most  attractive  colors,  the  finest  song,  or  the  most  agreeable 
cxlor,  presents  great  difliculties,  but  it  is  doubtful  if  it  is  possible 
to  replace  this  explanation  by  a  better."  Some  of  tliese  diffi- 
culties mav  be  briefly  enumerated. 

The  theory  can  be  applied  only  to  species  in  wliich  the 
males  are  markedly  more  numerous  than  the  females,  or  in  which 
the  males  are  polygamous.  In  other  cases  there  will  be  a  female 
for  each  male  whether  he  l)e  ornamented  or  not ;  and  the  unor- 
namented  males  can  leave  as  many  progeny  as  the  ornamented 
ones,  which  would  prevent  any  accumulation  of  ornamental 
variations  by  selection.  As  a  matter  of  fact,  in  a  majority  of 
animal  species,  especially  of  the  higher  vertebrates,  males  and 
females  exist  in  approximately  ecpial  numbers. 

Observation  shows  that  in  most  species  the  female  is  wholly 
passive  in  the  matter  of  pairing,  accepting  the  first  male  that 
offers.  Note  the  cock  and  hens  in  the  barnyard,  or  the  fur  seal 
in  the  rookeries. 

Ornamental  colors  are  as  often  a  characteristic  of  males  of 
kinds  of  animals  in  which  there  is  no  real  pairing,  as  among 
those  which  pair.  How  explain  by  sexual  selection  the  remark- 
able colors  in  the  breeding  seiison  of  many  fishes,  in  which  the 
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female  never,  perhaps,  sees  the  male  which  fertilizes  her  (lrop|¥Ml 
eggs?  In  many  fishes  tlie  spring  ornamentation  of  the  males  is 
just  as  marke<l  and  just  as  brilliant  as  in  the  birds  or  otlier 
animals  of  much  higher  intelligence  and  corresponding  iK)wer  of 
choice.  Witness  the  horneil  dace,  chubs,  and  stone  rollers  in 
any  brook  in  spring. 

Choice  on  a  ba.sis  of  ornament  and  attractiveness  implies  a 
high  degree  of  aesthetic  development  on  the  part  of  the  females 
of  animals  of  wliose  development  in  this  line  we  have  no  other 
proof.  IihIchhI,  this  choice  demands  jesthetic  recognition  among 
animals  to  which  we  distinctly  deny  such  a  developmcMit ,  :is 
the  buttertli(»s  and  other  insects  in  which  s<»condary  st'xnal 
characters  of  color,  etc.,  are  abundant  and  conspicuous.  Sim- 
ilarly with  practically  all  invertebrate  animals.  Further,  in 
those  grou|>s  of  higher  aninuils  where  aesthetic  choice  may  be 
presumed  |x>ssible,  we  have  re|)eated  evid(»nce  that  preferences 
vary  with  individuals.  ( Vrtainlv  thev  do  with  men,  the  animal 
specie^  in  which  such  preferences  certainly  and  most  conspicu- 
ously exist. 

In  some  human  races  hair  on  the  face  is  thought  iK'autiful; 
in  otluTS,  ui^Iv.  Besides  even  if  we  mav  attribute  fairlv  a  cer- 
tain  amount  of  :est  het  ie  fe(  hng  t  o  such  animals  its  mammals  and 
birds,  is  this  feeling  so  keen  as  to  lead  the  female  to  have 
preference  among  only  slightly  ilifFering  patterns  or  songs? 
Yet  this  a.ssumption  is  necessary  if  the  development  of  ornament 
and  other  attracting  and  exciting  organs  is  to  Ik?  explaine<l  by 
the  8c»lection  and  gradual  accumulation  through  generations  of 
slight  fortuitously  ap|>earing  fluctuating  variati(ms  in  the  males. 

There  are  actuallv  verv  few  recorded  cases  in  which  the  ol>- 
server  In^lieves  that  he  luus  note<l  an  actual  choice  bv  a  female. 
Darwin  records  eight  cjisc\s  among  birds.  Since  Darwin,  not 
more  than  half  a  dozen  other  ca.s<»s,  all  doul)tful,  have  In^en 
noteil.  .\lso  a  few  instances,  all  more  illustrative  of  sexual 
excitation  of  fenuiles  resulting  from  the  |M»rception  of  (xior  or 
actions,  than  any  degree  of  choice  on  their  part,  have  Ihm^u 
listcsl. 

In  numerous  cases  the  so-called  attractive  characters  of  the 
mal<*s,  <h»scrilM'<l  usually  from  preserved  (nuisc^um)  s|x^cinu'ns, 
have  Ikmmi  fomid,  in  actual  life,  to  be  of  such  a  character  that 
thev  camiot  Im*  noted  bv  the  female.  For  example,  the  brilliant 
colors  and  curious  liorns  of  the  males  of  the  dung  beetles  are,  in 
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life,  always  so  obscured  bv  dirt  and  filth  that  there  can  be  no 
question  of  display  to  the  female  eye  about  them.  The  dancing 
swarms  of  many  kinds  of  insects  are  found  to  be  composed  of 
males  alone  with  no  females  near  enough  to  see ;  it  is  no  case  of 
an  excitatory  flitting  and  whirling  of  many  malei?  l)efore  tlie  eyes 
of  the  impressionable  females.  Of  many  male  katydids  singing 
in  the  shrubbery  will  not  for  any  female  that  particular  song  be 
loudest  and  most  convincing  that  proceeds  from  the  nearest 
male,  not  the  most  expert  or  the  strongest  stridulator?  Simi- 
larly with  the  flitting  male  fireflies;  will  not  the  strongest  gleam 
be,  for  any  female,  that  from  the  male  which  happens  to  fly 
nearest  her,  and  not  from  the  distant  male  with  ever  so  much 
better,  stronger  light?  Even  in  the  human  species,  propin- 
quity is  recognized  as  the  strongest  factor  in  the  choice  of  mates. 

Several  other  serious  objections  can  also  be  urged  against 
the  sexual  selection  theory,  but  the  most  important  one  of  them 
all  is  that  all  the  evidence  (though  it  is  little  in  quantity  as 
yet,  although  of  good  quality)  based  on  actual  experiment,  is 
strongly  opix)sed  to  the  validity  of  the  assumption  that  the 
females  make  a  choice  among  the  males  bused  on  the  presence 
in  the  males  of  ornament  or  attractive  colors,  pattcTii,  or  special 
structures.  Such  exi)eriments  have  been  undertaken  by  Diiri- 
gen  and  Douglas  with  lizards,  and  by  Mayer  with  moths. 

It  nuist  be  said,  however,  in  closing  this  brief  discussion 
of  the  sexual  selection  theory,  that  no  rei)lacing  or  substitute 
theory  of  anything  like  the  same  plausibility  has  yet  been 
offered  to  take  its  place. 

There  is  no  question  that,  in  many  cases,  brilliancy  of 
breeding  colors,  development  of  ]>rocesses,  and  the  like,  is 
often  correlated  with  su|)erior  vigor.  This  is  especially  true 
among  fishes  and  birds.  This  reason  could,  however,  not  at 
all  account  for  such  structures  as  the  highly  si)ecialized  stridu- 
lating  organs  of  certain  insects.  The  problem  of  the  secondary 
sexual  characters,  es|>ecially  of  those  which  seem  to  stand  in 
opposition  to  the  natural  selection  theory,  is  one  of  the  most 
pressing  in  present-day  biology. 
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Wo  can  commaiHl  \at\iro  only  by  olieyinj^  her  lawn.  This  prin- 
ciple is  triH'  even  in  n'jijani  to  tlw  astonishing  (•hanjic*'?^  whirh  an*  suj  «t- 
iiidu(*e<l  in  the  (|Ualitios  of  certain  animals  and  plants  in  domestication 
and  in  gardens.— Lykli.. 

Variftties  are  the  pnxiuct  of  fixe<l  laws,  never  of  chance.  With  a 
knowknigf*  of  these  laws  wi»  can  improve  the*  products  of  nature,  })y 
employing  natun'*s  forces  in  ameliorating  old  or  pnxlucing  new  sjHM-ies 
and  varieties  U'tter  a<Ia|)ted  to  our  necessities  and  tiustes.  Hnn'tiing 
to  a  fixed  line  will  |>ro<iuce  fixinl  n»sults.  There  is  no  evidence  of 
any  limit  in  the  production  of  variation  through  artificial  selection; 
especially  if  pn'<*ed«Ml  hy  crossing. — Lithku  HrKBA.NK. 

Thk  name  S(»l(M'ti()ii  Ikis  Iwen  long  ustnl  for  the  proee.^vs  hy 
which  l)ree<ls  or  races  of  domestic  animals  or  plants  have  Un^n 
formed  in  the  past,  and  for  the  proet^ss  by  which  the  skill- 
ful hnvdcT  can  dev<»lop  new  forms  at  will.  This  latter  proc- 
ess, called  by  Youatt  **the  nuigician's  wand,"  by  which  the 
breeder  can  summon  up  anv  form  of  animal  which  mav  nu^'t 
his  needs  or  pl(»as4»  his  fancy,  has  Ikh^u  (»siHH'ially  designateil  as 
Artificial  Si'h'ction.  By  it  w(»  have  d(Tivi*d  all  of  our  famil- 
iar hosts  of  varif»ti(»s  of  dom^^ticatc^l  animals  and  plants.  The 
similar  proc(»ss  in  nature  was  acconlingly  (l(\signattMl  by  Darwin, 
Natural  Selection.  It  refers  to  the  develo|)ment  or  increase 
of  traits  adaptive  or  advantag(H)us  in  tlu»  life  of  a  siHM-ies, 
through  tin*  survival  for  repnwluction  of  a  gn»ater  projKirtion  of 
imlividuals  jH)ss<»ssing  tlu*  characters  in  (|U(»stion  than  of  those 
which  do  not.  In  anv  rac(\  it  is  the*  individual  which  succchmIs 
in  reaching  maturity  which  detiTmin<»s  the  future  of  the  race. 
The  (pmlities  of  the  multitude  which  die  prematurely  are 
naturally  not  repeated  in  hereility.     In  general,  the  forms  pro- 
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(lured  in  urtifirial  splt^rlion  arc  not  those  wliii-li  coiiM  »riHe 
or  even  exist  in  nntnrc.  In  niilnrp,  hnrdinesH  or  power  of 
rcsistun(.-e  in  eortipctition  or  the  stniggle  for  existence  is  all 
important.  In  artificial  selection  stress  is  laid  chjcfly  on  char- 
aeters  useful  or  attractive  to  man.  From  the  8tand|X)int  of 
self  dependence,  the  improvements  due  to  artiBciul  selection 
constitute  A  sort  of  retroKrcssion. 

In  general,  the  production  of  a  new  race  of  animals  or  plants 
in  domeiiti cation  is  tlic 
outcome  of  the  work  of 
a  number  of  factors,  in 
which  human  orarlificiiil 
selection  plays  a  leading 
jmrt,  a  part  wliich  in- 
creases in  importance 
with  tlie  degree  of  iniol- 
ligcnt  choice  concerned 
in  it. 

In  the  formation  of 
a  new  rare  of  animali^  or 
pUnls,  we  may  liavrthc 
following  stages  or  fact- 

\  on<: 

.  Unconscious     se- 

I  lection  with  more  or  less 

[  complete  isolation. 

"lonacious  selcc- 

[  tion  of  the  most  desiin- 

[  ble  individuals. 

3.  Conscious  selee- 
I  tion  directed  toward 
I  definite  or  special  ends. 

4.  Crossing  with  otlier  races  or  with  other  species  (known 
t  hybridizing),  in  order  to  increase  the  range  of  variation,  or 

i  lo  wid  or  combine  certain  specific  dtsirable  qualities  or  to  cliini- 
t  nato  those  undesinible.  this  accomjmnied  by  conscious  eclei'tion 
I  directed  toward  definite  endn.  On  this  series  of  procci«ses 
1  brcvding  its  a  fino  art  must  de[>ciid. 

Taking  as  an  illustration  some  of  the  breeds  of  metlium 
I  wool  sheep  found  in  Southern  England:  wrimvc  (1)  the  domes- 
Iticatittn  of  sheep  in  each  of  the  diCTcrent  eoimlius  or  natural 
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aresB.  In  the  banning  men  are  satinliofl  «*ith  sheep  as  ehpcp. 
little  attention  w  paid  to  the  distinction  among  individuals. 
Those  which  are  feeble,  ill  nourished,  untamable,  acanl-fleere<l, 
or  otherwise  unfit  will  be  eliminated,  a  process  which  will  tend 
to  improve  the  stock,  nnthout  giving  the  race  distinctive  quali- 
ties, except  as  compared  with  the  wild  original.  To  form  dis- 
Unct  races,  the  factor  of  isolation  must  enter.  Thnic  in  one 
county,  for  example,  will  be,  at  the  beginning,  siiinewhat 
different  fn)ni  Ihonc  in  an- 
r~     ^^  —        other,     ^^ch  herd  will  show 

^'— ■  itH  own  trails  in  lime,  Ihi-so 

due  priniarily  to  diffen-nrett 

I     '^V       '%  ^^^  in      the     original      stock, 

l^^jV  V        ^^^m  secondarily     to     I  he    j  trc- 

t'Mu.'  'V       c  j^^ft  dominance  of  one  form  of 

variation  overothen*.  Kx- 
changnt  of  nhwi*  will,  l>y 
cntsK-lirM-iIing,  tend  to 
unify  the  ty|)c  nf  8hc«-|>  in 
wmic  one  county,  or  on 
some  sidcof  a!mrrieracros.i 
wlii<-h  sheep  arc  not  drivni. 

SI^^^^^H^  With  then-         lx> 

^^^^^^^^^^^  variation8        llie  character 

^r       ^^^^  "f^    t'l*^   tuic«»n«ci«U8    t>*'\yv- 

"  "  tion.     One  ty[«c   of  rfut-p 

will  flc>tirii4h  in  a  meadow 
county,  another  on  a  nunir, 
and  Mtill  another  on  the 
rocky  hillH,  .^t  any  mtc, 
OH  the  envintnmcnt  varies, 
so  will  the  chanu'ter  of  the 
nriprtinn.  Thus  as  a  Tmal  result,  in  Southern  Knglund,  the 
Southdown  sheep  of  Sussex  have  (awiiy  faces  anil  legs:  the 
sheep  of  IIam|ishirc  have  black  faces,  ears,  and  legs,  with  a 
Itlaek  spot  under  the  tail ;  this  black  s[mi|  is  lacking  in  the  sheep 
of  IVvon.  In  the  Cheviot  sheep  the  face  and  carsare  white,  the 
head  free  from  w<k>I,  while  the  cars,  unlike  those  of  most  of  the 
others,  stand  ereel.  In  the  <lun-faco«l  Shro|whirc  shi-cii.  the 
faces  are  more  or  less  covered  by  wool.  All  lhe«c  are  hornless, 
while  the  wore  primitive  Dorset  sheep  with  white  face  and  con 
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have  almost  always  email  curved  horns  which  are  white,  not 
black,  as  in  the  still  more  primitive  Irish  breed.  Most  of  these 
distinctive  traits  offer  neither  advantages  nor  disadvantages 
either  to  the  sheep  or  its  owner.      They  are  nonadaptive  or 


Fio.  4B.— PoUad  WeUi  riwep. 


type,  leu  and  Mut  woolBd.    <Atter  Yotutt.) 


indifferent  characters.  These  characters  are  therefore  asso- 
ciated with  the  hereditary  traits  of  the  orif^inal  stock.  They 
are  preserved  through  segregation  and  they  are  lost  when  herds 
from  different  counties  freely  intermingle.  Free  interbreeding 
would  give  a  new  and  relatively  uniform  race  of  sheep  over  the 
whole  area  occupied  by  these  separate  bree<&. 
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At  this  pcnnt  we  nwy  concnve  that  (2)  coniwioiu  selection  of 
the  more  desirable  individual!)  appeam.  Tlirough  itii  agency, 
Hampshire,  Shropshire,  Oieviot,  and  Southdown  slioep  alike, 
and  the  others  in  their  degree,  tend  toward  larger  bizp,  more 
wool,  plumpe)-  bodies,  earlier  maturity,  greater  docility,  greater 
fntUity,  or  whatever  virtues  the  average  shepherd  may  priie  in 
a  sheep.  While  in  race  traits,  the  breeds  (uneroHHod)  len<l  tn 
diverge  from  one  another,  in  thcHe  adaptive  cpialiticK,  their 
tmdency  is  to  run  parallel — or  even  to  converge  toward  gn-ati-r 
RBemblancre. 

With  conscious  fii'lpction  (;J),  there  is  fir^t  s  teiideiiry  to 
empbasise  the  qualititti  of  desirable  breeds.     If,  fur  example. 


'Vji^.^x  -^ 

Phi.  so.— Tminl  aoulbdinra  •««.     (AHfr  Shaw.) 

the  Hampsliire  w  a  favorite  bmnl,  (he  individtiaU  sliowitij:  iiKist 
distinctly  blark  ears,  legH.  ami  face  will  1m>  prefemnl  by  bn-etlfrH 
to  thtHtp  having  these  |HirtH  |Hile.  Again,  new  jtciinls  of  s{N-('iul 
excellence  will  ap]M>ar  in  the  bn*«Hl  and  these  will !«'  delilM>nit*-Iy 
emphasize<l,  and  |N>rha|M  liy  eontiniioiH  M-Wliim  a  new  lintil 
will  lie  formed  having  one  ur  nion-  of  these  juh  a  ilistinellve  trait. 
According  to  Sonierville,  one  iiiav  rhulk  out  on  a  wall  any 
form  or  tyi>c  of  sheep  he  may  like,  and  then  in  tinu-  re|>nNlu<-e 
it  through  selective  breeding. 

In  Nova  Scotia,  Mr.  A.  Graham  Hell  has  dcveloiied  n  new 
breeti  of  tiheepby  s<'leetirtn,  itJt  distinct ive  ehanwter  licing  in  the 
increased  milk  flow,  with  an  increased  nuinlicr  of  teats. 
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At  Chillenbam,  in  England,  is  still  prcaa-ved  a  hsrd  of  the 
I  ori^ruil  wild  white  Kngtish  cattle,  from  wliiuh  iiKwt  or  all  of  the 
I  BntiHh  breetia  are  said  to  be  descended.  It  i«  stated  that  Ixird 
[  Cawdor  has  offerwl  to  ri'produt*  this  herd,  by  selection  alnne.  in 
['  lliree  ni"  four  generations,  using  the  relatively  primitive  Welsh 
r  cattle  as  his  base  of  operations. 

In  genej^i,  those  eharartera  which  are  usually  affected  by 
[  selection,  whether  natural  or  nrlifu'ial,  are  chararterfi  of  degrt-e. 
I  They  are  matters  of  more  or  less,  a  Rreater  or  les.s  degree  of 
[  Btmigtii,  swiftnesa,  si/e,  endurance,  frrlility,  eapaiily  lo  lay 


I  1^.  SI.— Tvtilcul 


ftfm  fat,  docllify,  intelligence,  or  of  whatever  it  may  lie.     Under 

■ordinary  conditions  these  characters  selected  are  not  traits  of 

liuality.    Tliey  do  not  represent  a  now  thing,  a  new  acquisition, 

Kbutadifferent  degree  of  development  of  an  old  one, or,  at  most, 

i  change  in  their  relnlivo  arrangement,  an  alteration  of  bio- 

^cal  perspective. 

The  characters  whicli  distinguish  true  breeds  as  well  as  true 

JtpetAea  are  not  of  this  order.     They  are  in  their  essenee  (lUali- 

rUtive  and  not  quantitative.     Tliey  are  not,  as  a  nile,  adaptive. 

I  One  «*t  of  S]H'cies  or  race  traits  is  as  good  as  another,  if  the  good 

Equatitin  or  adaptive  qualities  are  represented  in  un  equally 
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higli  degree.  Tlie  Soutlulown  slieep  lire  valued — not  for  their 
Soutlidown  traits,  but  f<ir  tli«  exeellwu-c  nf  tlieir  nniltoii,  a 
tmit  with  wliicli  niidille  length  of  wool,  luwiiy  legs,  iiukod  faees, 
dmo)iiiig  oars,  and  alxtence  of  horns  liave  iiolhin);  neeewsarily  to 
do.     Wc  value  these  race  traim  only  for  the  other  (jualities 


whirh  have  Ix-^-n  in  a  hipli  licgri-e  a.-wiKialdl  with  them  in  the- 
liere<iily  nf  the  raw. 

I'nder  crossiiiK  and  wleetion.  imirh  NiMer  attempts  iin- 
poK>ible.  When  gMirents  widely  diviTKent  are  en-^seil.  inany 
very  different  rewulln  are  att:iine<l.  In  (feiieral  the  jiroceny.  al 
leant  after  the  hrsl  KenenUinn.  diverge  very  wicicly  from  mic 
another.  Sinne  will  hiive  the  giH«l  truitsnf  Imlh  jiiirent  stin-k^: 
WMnc  will  liave  the  iiii<h'siral>le  oiu's;  some  will  .-Imw  a  tnuwaieof 
|Hin-iilal  eharaeters:  some  ii  m..re  or  le.ss  [wrfei't  I.U-ii<l  of  ehar- 
arters.  thi-  hlen.l  U-itij;  .letinahle  !is  a  finer  ty[N>  ..f  i.Kwiir. 
Some  will  divert;<'  wiih-lv  fnmi  I'illuT  Muck,  often  >h.iwin>:  tniits 
either  n-n ly  aneestral  or  wholly  new.  In>ni  d.sinil.lr  vari- 
ations of  this  sort  new  raii-s  may  lM-.levelo|te.].  eaeh  ^nl■|■ee^iinK 
gcmTatioTi  tendinis  lo  (;ivc  cn'iiter  ti\iiv. 

In  cenf-rid.  wide  en.^se^  or  hybrids  an-  m..r.-  sneeessftil  with 
plants  than  with  aiiiinuLs,  Ueause    the    mutual    adju.sttnent 
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tnuts  bcoome  more  imi>ort4iiit  in  the  more  highly  epeciiilized 
orKaoisnifi.  Aniong  animals,  riilated  speries  often  caimot  bo 
cn»ttie«I  jit  all;  ttit-  germ  cells  refuse  to  inlerniingle.  Homelimea 
there  is  a  very  imixirfcct  mingling  nnd  the  resultant  aniniul  is 
(lividefl  within  itaclf  and  do«'s  not  Lve  long.  An  example  of  this 
ia  seen  in  Dr.  Miwiikhaiis's  entsa  of  the  silverside  (Menuiin) 
with  the  kiilifiah  (futtdutus).  The  unmixed  chrnmoaoniew  of  tlie 
gi'rni-(Tll  iiueleiiK  are  seen  unblendiKl,  through  several  segnn^n- 
tationsof  the  rgg. 

In  the  cose  of  tin*  mule,  the  cross  of  the  horse  with  the  ass, 
the  hybrid! xat ion  is  readily  cfTeeted,  Init  the  rtrsultant  oflspring 
is  sterile.     Presumably  the  hereditary  difference  in  the  repro- 


ductive organs  in  tl»e  two  [larentiil  slrnins  is  too  great  to  allow 
th«  norma^  rlevelo[>menl  of  generative  organa  in  t  he  progeny. 

In  general,  crosse-s  tietween  ('losoly  n'lati-d  speeies  are  fertile, 
the  degree  of  fertility  being  less  as  the  parent  species  are  more 
widely*  differentiated.     Among  animals,  any  great  difference 
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between  the  parent  stocks  renders  hybridization  impossible. 
But  among  plants,  when  hybrids  are  aetually  formed,  fertiUty 
rather  than  sterility  mav  l)e  taken  as  the  rule.  This  is  the  ease 
with  Mr.  Luther  liurbank's  Primus  l>erry,  a  crass  lx»tween  the 
Siberian  raspberry  {R uh us cratagif alius)  and  theCalifornian  dew- 
berry or  blacklx»rry  {Rubus  ursinim).  In  this  form  the  fruit 
excels  in  size  and  abundance  either  parent,  and  the  hybrid 
breeds  true  from  the  see<l,  and  ri|x»ns  In^fore  either  parent  Iw^gins 
to  bloom.  It  was  fixcnl  in  the  fii-st  generation,  iK'ing  in  this  n»- 
gard  a  rare  exception  to  the  general  rule  of  the  alnTration  <»f 
hybrids.  In  this  and  in  other  resjHM'ts  the  Primus,  known  to 
be  an  intentional  cross  of  two  sjHM'i*^,  l)ohav(»s  jus  though  it 
were  a  distinct  s|H»ci(\s.  In  Hke  fashion,  the  Logan  l)erry,  tlic 
pro<lu<*t  of  an  accidental  cross  at  Santa  (Vuz,  in  Cahfornia.  of 
the  F^uropean  ras|)bcrry  with  the  native  dewl>erry,  l)ehav(»s  al>o 
tike  a  distinct  s|K*ci('S,  and  is  also  much  su|HTior  in  pnxluctivr- 
ness  to  either  parent. 

TIh»  fine  art  of  tlie  horticuhurist  is  seen  in  the  S(»iection  and 
fixing  of  the  variations  |)rodu<*ed  l)V  crossing  aiul  hybriiiization. 
While  most  of  th(»  forms  thus  obtaimnl  are  worthless,  a  f«'W 
will  sliow  decid<Ml  advances.  Often  as  much  |)rogress  may  be 
made  in  a  singh*  successful  cross  or  hybri<iization  as  in  a  dozen 
or  even  a  hun<lnHi  gen<Tations  of  |)ure  seU^ction. 

By  select i<»n  alone,  however,  im|H)rtant  results  mav  bt» 
obtained,  with  time  ami  patience.  (Jiven  a  variation  in  a  de- 
8ire<l  din»ction  tluTc  is  |K*rlia|xs  no  actual  limit  l)ounding  tlie 
possibilities  of  s<'l(»ction  unl(»ss  arising  through  external  or  me- 
chanical conditi<»ns.  Thus  s<'l«»ct  ion  forsjKHHl  of  hors4»s  is  limit «h1 
by  the  strength  of  the  material  of  which  a  horse's  leg  is  com- 
POSimI.  The  increii.s(»  in  the  numlK»r  of  |M*tals  may  Ik»  limit<Hl 
by  the  s|)ace  on  which  |K»tals  can  stand,  and  the  numlnT  of 
leaflets  in  a  l(»af  by  the  length  of  the  rhachis.  Still  there  are 
known  cxsi'S  in  which  a  j)ositive  limit  has  Ixmmi  reacheil  in  at- 
tempting to  moilify  organisms  by  selection  altnie. 

Acci<iental  crossing  within  a  s|M'<"i«*s  may  form  a  useful  basis 
for  s(»lection.  Thus  from  the  ^h'\\s  in  a  single  |)otato  ball  of  the 
Karlv  Uos<'  variety,  cross<Ml  l)v  ins(M'ts  with  an  unknown  pari'iit, 
Mr.  LuthiT  Hurl)ank  rean^^l  |M)tato*»s  of  many  ditTerent  sorts: 
re<l  fHitatoes.  wliite  |M)tato<'s.  elongate  j>otato<'s,  j>otatoes  rela- 
tively sm(M)th  and  |H)tat(M's  all  eyes  and  "eyebrows.''  Among 
all  these,  one  fonn,  long,  white,  smooth,  and  mealy,  seemed  far 
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superior  to  the  others.  I''rom  the  sulKlivmion  of  the  tulxra  of 
this  aeedUng  arose  the  Burbank  potato,  the  most  valuable 
variety  in  its  economic  rehitions  now  cultivated  in  America. 
But  with  the  choice  of  this  form  for  preservation,  selection 
ceased,  as  all  plants  of  the  Burbank  potato  in  cultivation  are 


subdivisions  of  a  single  original  plant.     Now  forms  would  come 
from  further  selection  of  the  Burbank  potato  sewl. 

As  illustrations  of  the  more  complex  art  of  hybridization  and 
selection,  we  give  in  thr  following  paragraphs  a  brief  account  of 
the  work  of  Luther  Burbank,  the  most  ingenious  and  successful 
of  all  recent  experimenters  in  [tlant  breeding. 
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Hurbaiik  has  oripinatc»<l  and  intrcxlucoil  a  roinarkablo  sorirs 
of  plums  and  prun(»s.  No  loss  than  twenty  variotkvs  arc  inrludcMl 
in  his  list  of  ofTrrinj^s,  and  sonic  of  tlu»ni,  notably  the  (lold, 
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Wifkson,  Applr.  OrtoluT  Purph'.  (Ii.-ih-n,  Aiiur  "nan.  iiimI  Cliniax 
plums  and  the  Splrutlor  and  Sujzar  ]»iiin('s,  an*  amoML:  tin-  Ix-f 
known  and  mosl  sufccsslnl  k'xiuU  imw  ^n>\vh.  In  ail«liti«»n.  hr 
is  now  |)crt"<*rtinir  a  >tninl(»<-;  pluin.  and   ha-  rrratrd   llir  iiit«T- 
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The  stoneless  and  seedless  plum  is  being  produced  by 
selection  from  the  crossing  of  the  descendants  ot  s  single  fruit 
in  a  small  wild  plum  with  only  part  of  a  stone  with  the  French 
prune;  the  percentage  of  stoneless  fruits  is  gradually  increasing 
with  succeeding  generations.  The  sugar  prune,  whicli  promises 
to  supplant  the  French  prune  in  California,  is  a  selected  product 
of  a  second  or  third  generation  variety  of  the  Felit  d'Agen,  a 
very  variable  French  prune.  The  Bartlclt  plum,  cross  of  the 
bitter  Chinese  simoni  and  the  Delaware,  a  Burbank  hybrid,  has 
a  fragrance  and  flavor  extraordinarily  like  that  of  the  Bartlctt 
pear.  The  Climax  is  a  cross  of  the  simoni  and  the  Japanese 
Iriflora.  The  Chinese  stmoni. 
produces  almost  no  pollen, 
only  a  few  grains  of  It  ever 
having  l>ccn  obtained,  Init 
thoHO  few  (grains  have  en- 
abled Burbank  to  revolu- 
tionize the  whole  plum 
shipping  industry.  Most 
of  Burbank's  plums  and 
prunes  are  the  result  of 
multiple  crossings,  in  which 
the  Japanese  Katsunia  lias 
played  an  important  part. 
Hundreds  of  thousands  of 
seedlings  have  been  grown 
and  carefully  worked  over 
in  the  twenty  years'  cxiKrinieniing  with  plnni.s,  and  single 
trees  have  been  mode  to  carry  as  many  as  GOO  varying  seed- 
ling grafts. 

Burbank  has  originated  and  introduced  the  Van  Deman, 
Santa  Rosa,  Alpha,  I'ineapple  "No.  8(),"  tlie  flowering  Dazzle, 
and  other  quinces ;  t  he  Opulent  jx'ach ,  cross  bred  from  the  Muir 
and  Wager;  the  AVinterslcin  apple,  a  .'<ee<lliug  variely  of  Ihc 
Gravenstein;  and  has  made  interesting,  altliough  not  profitable, 
crosses  of  the  peach  and  nectarine,  jH'ach  and  almond,  and  plum 
and  almond. 

Next  in  extent,  prol>ably,  to  liis  work  wilh  plums  is  his  long 
and  flucreasful  exjH'rimeiilalioii  with  brrrirs.  This  work  has 
extended  through  twi-iily-five  years  of  i^on^ilant  jittt-nlion,  has 
involved  the  use  of  forty  different  s]K;cies  of  Uiibus,  and  ha.s 
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H'siiIiimI  \u  iIm*  oriiiinatinn  niid  intnxlnrlifin  of  a  sj-nn*  nf  new 
roninirn'ial  vari^'tics,  iikisiIv  uhtaiiu'tl  tlinui^li  various  h\i»ri«li- 
zalioii^  of  tlrwlM-rrirs.  Iilai-khrrrirs.  ami  ra>|»lM*n*ii's. 
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Among  llipse  nmy  especiiiUy  be  mentioned  besides  tlie 
I'rinius  ftlready  spoken  of,  tlie  Icelierg,  a  cross-bred  wliile 
bUckberry  do-rivwi  fioni  a  hybridization  of  the  Crystal  White 
(pistiUntc  parent)  with  the  ].awton  (slaiainatc  parent),  with 
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beautiful  snowy-white  berries  so  nearly  transparent  that  the 
small  seediB  may  be  seen  in  them;  the  Japanme  GuUlpn  May- 
berry,  a  croflB  of  the  Japanese  R.  paliTuUua  (with  small,  tastrlt<Ms, 
dingy  yellow,  worthlcm  berries)  and  the  Cuthbert,  (he  hybrid 
growing  into  treelike  bushea,  six  to  eight  feet  high,  antl  t)earing 
great,  sweet,  golden,  seniitransluoent  ))errieR  which  Ti]vn  Iteforo 
strawberries ;  the  Paradox,  an  ovnl,  light-red  berry,  ol)tain(><l  in 
the  fourth  generation  &um  a  cxobb  of  Ci-ystal  W)iitc  lllarklHrry 
and  ShaiTer's  Colnssal  Raspbcrr)'.  While  iiir»t  of  the  pluols 
from  this  cross  arc  partly  or  wholly  barren,  this  particular  out- 
oome  is  an  unusually  prolific  fruit  producer. 

An  interesting  feature  of  Mr.  Burbank's  brief  account ,  in  his 


"New  CreatinnH"  ralulogiie  of  ISIM,  of  the  tierry  cxiMTiiiK-nta- 
(ion  is  a  n-|)nHhu-lion  of  a  photcigrajih  xhiiwing  "a  sample  pile 
of  brush  12  f<H<t  wide,  14  feet  high,  an<l  22  feet  long,  conijiiniiig 
65,000  two-  uiid  thm-year  old  w-edling  iM-rry  bushes  (4l).(KK) 
Blackberry  X  Ita«i>lH*rry  hybridt  and  i'>,OUO  Shaffer  X  (In-trg 
hybrids),  all  dug  up  with  (hi-ir  cro]>  of  ri|K>ning  Ijerriw."  The 
photogmph  is  inlnxiureil  to  give  (he  reader  some  idea  of  the 
work  net-ewarv  (o  ])r<Nlu(-e  a  xatisfartory  new  rai-e  of  l>erries. 
"Of  the  40.01)0  BluckI>err>--IluMplNTTy  liybritlH  of  this  kind 
'IWadox'  is  the  only  one  now  in  exi-itenee.  I'roni  the  other 
25,(XX)  hybrids  two  dozen  buslius  were  rcdervcd  for  further 
trial." 


I  Jvf/lane  Califnrnica  (stiiniinale  piireiil)  and  J.  nvjra  (pistillate 

.  parent),  which  ^ov.-s  with  an  amazing  vigor  and  rapidity,  the 

treea  inori^asing  iii  mxe  at  least  twice  as  fast  as  the  cuiiibintxl 

I  pnwth  of  both  pureuts,  and  the  cleati-uut,  glosey,  bright  gnxn 


ri...  01— II^Lnd  wol 


piBtil.*  of  Valifiirniiu)  prtnliKH^t  iri  »litiiiiliiiu-L'  lurgc  nut«  of  a 
()Uu1ity  Mi|«Tior  tu  tlmt  ikissc-scM  liy  rithor  parcnl. 

(>f  new  vi'grtalilrw  Hiirtmiik  liiw  inl nxiiiccti  Ik^'Icm  the  IJur- 
Ixuik  an'I  scvi-ml  nlhrr  iirw  ]>iitatoin,  new  toniBloca.  M]Uflshes, 
asporagtiK.  rtc,  ]W)iap»  the  most  intorcMtinK  of  )>w  c-\|><>riiiK>nU 
in  this  ficlii  IN  liin  iitteiii|it,  ii|iFiuri-Jitly  i|<-^t imil  lo  l>c  micrrHMful, 
111  |>rot)i)n>  u  n|iliK-l(w(  uml  Ppicitlclcftf  utid  uniuiiinlly  riuLrilioiM 
rartiu  (the  Hpirulm  ore  the  luiuutc  Hpiiies,  muHi  nmrv  ilnngcr- 
oiutoitil  harder  t(if;H  rid  r>f  ihati  Iho  n)niti>icuuutt  knif!  thornlikn 
Bpiniw)  iTtlihh-  ftir  stock,  and  indeed  fiir  man.  Tliin  work  in 
chivHy  one  of  pure  HcliM'tiitn,  for  the  rrom-lintl  fornw  woiii  to 
lend  HtnuiKly  1"  revert  to  the  ancestral  Hpiny  condition. 

Anions;  the  many  now  flower  varictict  (irijtiiialwl  by  Bur- 
bank  may  be  inonlinmil  I  he  IVafhlilow,  litirhunk.Ciupiitn.and 
Santa  Uo«i  ni«i«,  the  S])lrntliir,  rraprance  (a  fragrant  (omi), 
and  L>wurf  SuowBakc  ealliui.  the  «-:ii>rni(iiiM  KhH.<tu  ami  Alaal» 
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daisies,  the  Ostrich  plume,  Waverly,  Snowdrift,  and  Double 
clematises,  the  Hybrid  Wax  Myrtle,  the  extraordinary  Nieo- 
tunia,  a  hybrid  between  a  large,  flowering  Nicotiana  and  a 
Petunia,  eeveral  hybrid  Nicotianaa,  a  dozen  new  gladioli  and 
ampelopses,  several  aniaryllida,  various  dahlias,  the  Fire  poppy 
(Fig.  65),  (a  brilliant,  flame-colored  variety  obtained  from  a 
cross  of  two  white  forms),  striped  and  carnelian  i)oppie3,  and  a 
blue  Shirley  (obtained  by  selection  from  the  Crimson  field  poppy 
of  Europe),  tlie  Silver  Line  poppy  (obtained  by  selection  from 
an  individual  of  Pa-paver  umbrosiim,  showing  a  streak  of  silver 


photocrmph  by 


inside)  with  silver  inlorior  and  crimson  exterior,  and  a  Crimson 
California  poppy  (Kschnchol/zia), uhtamoil  bj' selection  from  the 
familiar  golden  form. 

Perhaps  his  most  extensive  experimenting  with  flowers  has 
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been  done  in  the  hybridiiing  of  lilies,  a  field  in  which  many  plant 
breeders  have  found  great  difficulties.  Uung  over  half  a  hun- 
dred varieties  as  basis  of  his  work  Burbank  has  produced  a  mar- 
velous variety  of  new  forma  (Fig.  66).  "Can  my  thoughts  bo 
imoipned,"  he  says,  in  his  "  New  Creations  "  of  1893,  "  after  so 
many  yean  of  patient  eare  and  labor  [he  had  been  working  over 
sixteen  yearsl  as,  walking  among  them  [hia  new  liliox]  on  a 
dewy  morning,  I  look  upon  these  new  forma  of  beauty,  on  which 


other  fvvt*  have  never  Riizctt?  Here  a  jiluiit  »ix  itft  hiKli  with 
yellow  flowi-rs,  li(<>(ii)i>  il  one  only  nix  inches  hii;h  wilh  iLirk 
red  flowers,  nnil  further  i»i  one  of  |>ale  straw,  iir  snouy  white, 
or  with  vurious  ilutu  and  uluidingx:  uumu  duliciuu^tly  frugraiit, 
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others  faintly  bo;  some  with  upright,  otlitT8  with  nodding 
flowr'rs ;  ennie  with  ilurk  gieen,  woolly  leaves  in  whorla,  or  wUli 
polislir^l  \lirhi  2r'-i-ii.  l:inrrlikc.  firaltc"mi  lr:,v(-5:.'' 


So  far  no  flp<'f'ial  reference  has  lufn  niaili-  In  IIh'  iimri- 
strictiy  scientilii-  (is]iei't((  of  HiiHrnnk's  work,  Hiirliunk  has 
been  primarily  intent  on  the  production  of  new  and  iinprovM 
fniits,  flowers,  vegetables,  and  trees  for  the  immediate  benefit 
of  tiiankiiiit.  But  where  hiologicul  px  peri  mentation  is  being 
carrioj  on  so  extensively  it  is  obvious  that  there  nnist  Ikj  a 
large  aennmulation  of  data  of  much  Bi'ientific  value  in  its  rHa- 
tion  to  the  great  problems  of  heredity,  variation,  and  speeieH- 
forming.  Burbonk's  experimental  gunlens  may  be  looked  on, 
fnmi  the  iM>int  of  view  of  the  biologist  and  evolutionist,  as  a 
great  laboratory  in  which,  at  present,  masaea  of  valuable  data 
are,  for  luck  of  time  and  means,  being  let  go  unrecorded. 

Of  Burbank's  own  particular  scientific  belK-fs  touching  the 
"grand  problems"  of  heredity  we  have  space  to  record  but 
two:  first,  he  is  a  thorough  Miever  in  the  inheritance  of  ac- 
quired characters,  thus  differing  strongly  from  the  Weisuiann 
■diool  of  evulutionisls;  second,  he  believes  in  the  constant 
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iiiiiUibility  ai  K[H-cic«,  and  the  strong  imlividuuHty  of  each  plunt 
orgnniitiii,  liolding  that  the  ap|mrciit  hxity  of  characieriittii'S  b  a 

|ilieininiciicin  wholly  di'in'iidi-iit  fur  iUs  dc^rcf  of  rwihty  on  I  In- 


length  of  time  Ihis  charnrtrriatic  liaa  been  ontOKimc-tically  ro- 
)M!«tJ!d  tn  Ike  phyl<igeiiy  of  the  race. 

In   like  fsflhinn   to   this   wnrkinj;  with   ))htnti<,   brwdn  of 
Miimalt  have  been  eslablialied  by  crossing  and  aelection  with  a 
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view  to  the  prosrrvatinn  of  tho  Ik-sI  trails  of  botli.     In  rntat> 
lisliinj;  the  slock  fann  at  I'alo  Alto,  Lclaml  SlanronI  liiul  tlio 


conception  of  Hlrfn^ttliciiitiK  llio  troltniK  linrsi'  by  ii  cross  with 
the  larpor  nniniiif;  hi>rs<^  ur  tlioroiiKhlircd.  Tlic  rc^^iilt  wjis  the 
formation  of  !i  pci'iiliiir  typi-  of  horse,  larj;e,  slMm}r.  supple, 


and  intelhRenl,  very  clean  of  hinh  ami  slci-k   of   cojil.     This 
group  of  liorsi's  held  for  ffoine  years  the  world's   records  for 
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speed  in  their  various  classes  and  ages,  and  the  experiment 
was  in  the  highest  degree  successful.  In  one  sense  such  at- 
tempts are  not  experiments.  The  skillful  breeder  knows  that 
out  of  the  many  combinations  possible  in  crossing,  some  few 
will  fall  in  line  with  his  plans.  He  has  only  to  prc8er%'e  these, 
and  to  clinch  them  by  in-and-in  or  segregated  breeding  to 
iHing  about  a  result  he  may  have  deemed  possible  or  desir- 
able. It  is  possible,  by  intentional  selection,  to  turn  a  non- 
essential or  race  character  into  a  selective  or  adaptive  one. 
The  Hampshire  sheep  have  black  cars,  but  by  persistent  si^- 
lection  the  ears  could  probably  be  made  white.  Prolmbly  also 
the  horns  of  the  Dorsets  could  be  bred  on  Haniiwhires  l)y 
making  use  of  possible  occasional  reversions  to  the  liorne<l 
stock.  Tliis  result  could  be  attained  very  rapidly  by  a  rn)Ks- 
ing  with  Dorset  stock,  but  this  triumph  of  the  l)nHMicr's  art 
has  rarely  any  homologue  in  the  wild  state  or  in  the  condition 
of  unconscious  selection. 

When  8ele<*tion  cctts<»s,  the  adaptive  cluirarters  are  likely  \n 
decline  or  disap|)our.  Tndcr  (•i»8sation  of  w^lcH'tion,  calhMl  by 
Weismann  [wninixia,  no  premium  is  plai^ni  on  traits  of  (>\rH- 
lence,  fmm  the  human  standiK)int,  su(*h  as  lon^  w(m>I.  plunii>- 
ness  or  symmetry  of  form;  and  only  the  i)un»ly  vegetative*  jul- 
vantages  of  the  in<iivi<iual  count.  Hut  while  the  traits  of 
excellence  disappear,  the  race  traits  or  nonadaiitive  ciiararters 
persist  unehangcni.  A  herd  of  neglect (h1  Ilamiisliire  n\u^*p  is 
still  a  henl  of  HanifMhin's.  Tlie  l)laek  face,  ears,  and  legs 
remain  hlaek,  with  no  tendency  to  fade. 

When  the  worst  individuals  are  scleetiNl  for  hn*e<ling.  we 
have  the  reversal  of  s(>lt^ction.  A  flock  of  Ilam|te«liire  eiills. 
feeble,  l<M)se-joint(Hi,  seant-w(M>kHl,  unsymmetrieul,  <*ouid  Ih* 
used  in  linHnling,  and  the  a<laptive  eluiraeters  usually  sought 
for  could  In*  hnnl  out  of  them.  Hut  they  would  still  In*  Hani|>- 
shinv.  for  the  hennlitary  eharaeters  whirh  had  |H'rsist<M|  wiili- 
out  the  aid  of  si^leetion  would  jM^rsist  after  s<»leetion  eeas(*s  or 
even  if  it  is  n»vers<Hl.  When  thi»s<»  same  eharaeters  are  made  the 
obj(K*t  of  s<»leetion,  they  arv  subject  to  the  same  laws  :is  onlinary 
adaptive  characters. 

What  is  true  of  a  bree<l  of  sheep — a  pnKluet  of  geogra pineal 
isolation  with  si»gn*gative  breeding — is  true  in  a  general  way  of 
any  wild  s|MM*ies  of  animals  or  plants.  Its  adaptive  eharaeters 
are  due  to  natural  sdection.    These  change  more  rapidly  than 
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the  nonadaptive  characters,  and  respond  more  readily  to  the 
conditions  of  panmixia  or  of  reversal  of  selection. 

In  matters  of  breeding  we  must  distinguish  between  animals 
actually  best  and  those  potentially  best.  An  animal  is  at  its 
actual  best  when  in  prime  condition,  at  the  prime  of  its  life. 
Another  of  far  finer  heredity,  of  far  stronger  ancestry,  may  be 
at  any  given  time  actually  the  inferior  of  the  first.  It  may  be 
too  old,  too  young,  in  too  poor  condition  to  represent  its  own 
best  status. 

It  is  generally  recognized  that,  for  all  breeding  purposes,  the 
animal  potentially  best  is  superior  to  one  which,  otherwise 
inferior,  may  be  actually  best  at  the  time.  The  tendency  of 
heredity  is  to  repeat  the  traits  of  the  ideal  individuals,  which 
the  parents  ought  to  have  been.  More  exactly,  the  tendency  of 
heredity  is  to  produce  individuals  which,  under  like  conditions 
of  food  and  environment,  would  develop  as  the  parents  have 
developed. 

But  it  is  also  recognized  that  the  actual  physical  condition  of 
the  parent  affects  the  offspring.  A  sick  mother  is  likely  to  bear 
an  enfeebled  child.  Immature  or  declining  sires  do  not  beget 
offspring  as  strong  as  those  l)egotten  by  them  when  they  are  in 
perfect  strength  and  health.  In  this  matter,  apparently,  we  have 
to  deal  with  two  different  elements,  as  Weismann  and  others  have 
pointed  out.  The  first  is  true  heredity,  thequality  of  thegerm  cell, 
w^hich  is  not  affected  by  the  condition  of  the  parent.  Weak  or 
strong,  the  offspring  is  of  the  same  kind  or  type  as  the  parentage. 

The  second  element  has  been  called  Transmission.  Its 
relations  are  with  vegetative  development.  The  embryo  is  ill 
nourished  by  the  sick  mother,  and  it  enters  on  life  with  lowered 
vigor.  The  momentum,  if  we  may  use  such  a  figure  of  speech, 
is  reduced  from  the  first,  and  the  lost  vitality  may  never  be 
regained.  The  defects  of  the  male  j)arent  are  j)erhaj)s  of  less 
moment,  but  whatever  their  nature  their  results  would  be  of 
the  same  kind.  Thev  would  not  enter  into  the  heredity  of  the 
offspring,  but  they  might  play  a  large  part  in  retarding  its 
development.  In  the  category  of  transmission,  not  of  heredity, 
would  belong  the  theme  of  Ibsen's  "Ghosts"  (Gjenganyere),  the 
development  of  softenine:  of  the  brain  in  the  son  of  a  debauchee, 
the  alleged  cause  being  that  the  father's  nervous  system  was 
vermotUu  (worm-eaten) ,  if  we  are  to  accept  the  ghastly  drama 
as  an  exposition  of  possible  facts. 
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The  role  played  by  the  phenomena  of  transmission  as  distin- 
guished from  that  of  heredity  has  never  been  clearly  ascertained. 
Many  eminent  writers  ascrilx*  to  it  a  large  importance.  It  is 
a  central  element  in  Mr.  Cii.si)er  Redfield's  theory  of  heredity, 
and  he  brings  together  a  considerable  array  of  facts  and  statis- 
tics to  justify  his  conclusions.  But  the  value  of  statistics  in 
such  matters  is  easily  exaggerated,  lx»caiLse  of  the  difficulty  in 
ascertaining  the  real  causes  iK'hind  the  phenomena  we  try  to 
record.  It  is  fair  to  say  as  a  liroad  projiosition  that,  as  a  sound 
mind  requires  a  sound  body,  soimdness  lH)th  of  mind  and  IkkIv 
are  factors  in  giving  to  offspring  the  best  ]^Kssil)le  start  in  life. 
The  heredity  uncluingcMl,  then*  is  still  a  great  value  in  vigor  of 
early  developiiu»nt. 

The  reflation  of  these  matters  to  the  theory  if  organic  evo- 
lution is  mainly  here:  artificial  sehM'tion  as  a  proc«»ss  is  of  the 
same  general  character  as  natural  s(»lection;  both  represent  a 
form  of  isolation  or  segregation,  which  pn^vents  indiscriminate 
mating,  and  which  hoMs  certain  groups  of  individuals  jis  the 
agents  of  n^production  of  the  s|MMies  within  a  given  time  or  in 
a  si)ecial  area. 

Artificial  selection  int(*nsifies  useful  or  ada])tive  characters. 
using  the.se  words  in  a  l)ro:i(l  sense*.  At  tlu»  same  time,  it  per- 
I)etuat(\s  a  .series  of  characters,  in  no  wise*  useful,  and  in  no 
fashion  a<la|)tive.  The  e  characters  remain  unchangtMJ  for  long 
|)eriods,  and  hence  have  more  value  in  race  distinction  or  in 
classification  than  the  strictly  adaptive  characters  hav(\  A 
Southdown  she<»p  is  ])lum|)  an<l  fat,  on  the  whole  jHThaps  more 
so  than  any  (Mlier  tvjM*  of  sh<*e|).  Nevertheless,  it  is  n(»t  by  its 
plumpru^s  that  we  know  a  Southdown.  It  is  rather  by  the 
character  of  its  w(»ol.  the  c(»lor  of  its  face  and  feet,  the  form  of 
its  head.  So  it  is  with  bretMls  and  rac<»s  generally.  They  an* 
fornuMi  primarily  by  isol.ition  in  bre<Mling,  the  sejiaration  of  a 
few  from  the  niiiny  by  geo^r:i|>hieal  or  similar  caus<\-;.  by  the 
|)eriM*t uat ion  of  the  traits  of  these  few  (the  "survival  of  the 
existing"),  all  this  Ikmu^  nuMlifusl  by  the  n«'W  range  of  natural 
and  artificial  selection  and  the  new  reactions  under  the  varying 
conditions  (»f  a  new  environment. 

It  inten'sts  us  to  know  that  a  similar  process  tak<*s  place  in 
nature,  (leograplpeal  and  tojKjgraphical  barri(*rs  are  (toss^hI 
in  migration.  These  isolate  a  |M)rtion  <»f  a  sjM'cies  under  new 
conditions,   with   new   reactions    to    the   environment,  and    a 
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new  range  of  natural  selection.  Adaptive  characters  change 
rapidly,  and  in  ways  more  or  less  parallel,  with  similar  altera- 
tions in  related  species.  Characters  nonadaptive,  often  slight 
in  appearance  and  bearing  no  relation  to  the  life  of  the  animal, 
become  slowly  but  surely  fixed  as  characters  of  the  s|)ecie8. 
As  two  closely  aUied  breeds  of  animals  are  never  found  in  the 
same  region  unless  purposely  restraine<l  from  free  interbreeding, 
so  two  closely  related  species  never  develop  in  the  same  breeding 
area.  As  the  nearest  relative  of  some  given  breed  of  domestic 
animals  is  found  in  a  given  region  nearly  related  geographically, 
so  is  the  nearest  relative  to  any  given  wild  sj)ccies  found,  in 
most  cases,  not  far  away.  It  is  to  be  looked  for  on  the  other 
side  of  some  geographic,  tofK)gra])hic,  or  climatic  barrier.  In 
other  words,  the  interrelation  of  variation,  hcTcdity,  geographic 
isolation  and  envinmmental  features  generally  secMus  to  be  the 
same  in  the  formation  of  domestic  race^  as  in  that  of  the 
formation  of  natural  species.  The  principal  new  element  intro- 
duced in  the  art  of  selective  breeding  is  that  of  pur{X)seful 
crossing,  the  removal  of  the  barriers  which  separate  well- 
differentiated  forms,  for  the  ])urpose  of  beginning  a  new  series 
to  \)e  selecte<l  toward  a  |)re(letermined  end. 

It  has  been  recently  repeatedly  state<l  that  most  rac(»s  of 
domesticated  animals  or  plants  find  their  origin  in  a  mutation 
or  saltation  of  some  sort.  In  our  judgment,  there  is  not  suffi- 
cient evidence  to  prove  this  view.  There  are  few  cases  of 
either  races  or  species  known  to  have  originated  in  this  way. 
That  such  is  in  fact  the  general  law  of  race  or  sjx^cies  origin, 
we  see  little  reason  to  believe.  One  of  the  few  well-known 
illustrations  of  race-forming  through  saltation  is  that  of  the 
Ancon  sheep.  In  1791,  in  Massachusetts,  a  ram  was  born  with 
unusually  short  legs.  As  this  character  wixs  useful,  preventing 
the  sheep  from  leaping  over  stone  walls,  the  owner  of  this  sheep 
use<l  the  ram  for  breeding  purposes,  and  succeedefl  in  isolating 
a  short-legged  strain  of  sheep  known  as  the  Ancon  sheep.  So 
far  as  known  to  us,  this  type  of  sheep  differed  in  this  character 
alone  from  the  common  sheep  of  Connecticut.  With  the  later 
advent  of  tlie  more  heavy-w(K)led,  and  therefore  more  profitable, 
Merino,  the  Ancon  shee[)  disappeared.  A  recent  similar  case  of 
race  origin  from  a  prepotent  sport  is  that  of  the  polled  Here- 
fords  arising  in  Kansas  from  a  hornless  Hereford  bull. 


CHAPTER  VII 

VARIOUS  THEORIES  OF  SPECIES-FORMING 
AND  DESCENT  CONTROL 

The  four  factors  named,  variation,  inheritance,  nelection,  and  sepa- 
ration, must  work  together  in  <»r(ler  to  fonn  <lifT<'nMit  s|MM'ies.  It  is 
impossible  to  think  that  one  of  these  should  work  by  its<»lf  or  that 
one  could  be  left  iiside. — Ortmann. 

Afl  nientiono<l  in  the  introductory  chapter  on  the  factors  of 
evolution  (Chapter  IV),  and  as  referre<l  to  s<»veral  times  in  the 
chapter  on  natural  selection,  the  factor  of  the  segregation  or 
isolation  of  groups  of  individuals  must  l)e  tak(»n  into  account  in 
any  discussion  of  speci(»s-forming  causf»s.  This  factor  lias  long 
boon  recognize<l  by  biologists,  that  pluise  of  it,  and  undoubtcHlly 
the  nuKst  im|K)rtant  of  its  several  pluises,  calUnl  geographic 
or  to|K>graphic  isolation  or  segregation  IxMUg  very  ch^arly 
statcnl  and  its  importance  em])hasiz(Hl  by  Moritz  Wagner  in 
1S6S.  AlfrcMl  Russel  Wallace  gave  much  attention,  in  his  years 
of  active  inv(»stigation,  to  the  general  subject  of  genigraphical 
distribution,  and  wjis  a  pioneer  in  calling  th(»  attention  of  natu- 
ralists to  th(»  great  significance,  in  the  light  of  the  evolution 
tlioory,  of  the  facts  of  the  geographical  distril)Ution  of  lM>th 
animals  and  plants.  To-day,  (specially  am(»ng  American 
biologists,  the  fact(»r  of  to|M)graphic  segn»gation  is  n»cogniz(Hl 
as  one  of  tlu*  most  i:n|H)rtant  of  s|H»ci(\s-molding  influenc(»s. 
lnd(»<Hl  it  se<'ms  self-4»vid(Mit  to  many  naturalists  that  natural 
m»lection  is  im|M)tent  as  an  actual  caus(»  (»f  sp<*cies-forming  with- 
out some  (»fT<M'tive  sort  of  isolation  factor  to  assist  it.  Because 
of  the  im|M)rtanc(»  in  the  eyf»s  of  pr(»sent-<lay  naturalists  of  the 
geographic  is<»lation  factor  we  have  given  (Chapter  \*I1I).  a 
brief  s|H»cial  discussion  of  this  factor.  In  addition,  in  Chapter 
XIV,  will  Ik*  found  a  discussion  of  the  more  general  subject 
of  geographical  distribution. 
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But  it  is  conceivable  that  isolation  may  be  effected  in  other 
ways  than  by  actual  segregation  or  geographic  separation  of 
individuals.  Anything  that  could  lead  to  exclusive  or  dis- 
criminate breeding  among  certain  individuals  of  a  species  would 
result  in  the  isolation  of  these  individuals  from  the  rest  of  the 
species  as  effectively  as  their  actual  separation  from  others  by 
a  geographic  or  topographic  barrier.  Now  there  are  various 
influences  or  conditions  that  might  conceivably  bring  about 
such  a  state  of  affairs,  and  some  of  these  have  been  actually 
observed  to  exist.  It  is  of  interest  to  note  that  this  kind  of 
isolation  differs,  in  a  rather  important  way,  from  purely  geo- 
graphic isolation  in  that  the  latter  is  almost  sure  to  be  wholly 
indiscriminate  as  regards  the  individuals  comprised  in  an  isolated 
group,  wliile  the  former,  which  has  been  called  physiological 
isolation,  will  l)e  discriminate.  That  is,  there  will  be  a  struc- 
tural or  physiological  peculiarity  common  to  all  the  "  isolated  " 
individuals,  it  being  by  virtue  of  this  common  peculiarity 
(something  not  conmion  to  other  individuals  of  the  same 
species)  that  the  isolation  actually  exists. 

Romanes  has  been  the  chief  champion  of  the  physiological 
isolation  factor.  And  we  may  advantageously  refer  directly  to 
his  writings  for  a  8j)ecific  statement  of  different  forms  or  phases 
of  this  kind  of  isolation.  In  "Darwin  and  After  Darwin/'  III, 
p.  7  el  seq.f  he  writes: 

"Now  the  fonns  of  discriminate  isolation,  or  homogamy,  arc  very 
numerous.  When,  for  example,  any  section  of  a  sjwcies  adopts 
somewhat  different  habits  of  life,  or  occupies  a  somewhat  different 
station  in  the  economy  of  nature,  homogamy  arises  within  that  s(»ction. 
There  are  forms  of  homogamy  on  which  Darwin  has  laid  great  stress, 
as  we  shall  presently  find.  Again,  when  for  these  or  any  other  reasons 
a  section  of  a  species  becomes  in  any  small  degree  modified  as  to  form 
or  color,  if  the  s|)ecies  happens  to  be  one  whce  any  psychological  pref- 
erence in  pairing  can  be  exercised — as  is  very  generally  the  case  among 
the  higher  animals — exclusive  breeding  is  apt  to  ensue  as  a  result 
of  such  preference;  for  there  is  abundant  evidence  to  show^  that,  both 
in  birds  and  mammals,  st»xual  selection  is  usually  opposed  to  the 
intercrossing  of  dissimilar  varieties.  Once  more,  in  the  case  of  plants, 
intercrossing  of  dissimilar  varieties  may  Ix;  prevente<l  by  any  slight 
difference  in  their  seasons  of  Howerinjr,  of  topographical  stations,  or 
even,  in  the  case  of  flowers  wliich  de{)end  on  insects  for  their  ferti- 
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lizatioii,  by  diflferences  in  the  iiistiiictH  and  prefeixMicrs  of  ihv'ir 
visitors. 

"But,  without  at  present  going  into  detail  with  regard  to  these 
difTercnt  forms  of  discriminate  isolation,  there  are  still  two  others, 
both  of  whirh  are  of  much  greater  im|>ortance  than  any  that  I  have 
hitherto  name<l.  IndcH»d,  these  two  forms  are  of  such  immeasurable 
importance  that  were  it  not  for  their  virtually  ubiquitous  o|MTati<Mi, 
the  process  of  organic  evolution  could  never  have  begun,  nor,  having 
begun,  continue<l. 

"The  first  of  these  two  f(»rnis  is  s«'\ual  incompatibility — cither 
partial  or  absolute* — U'tween  <hfTerent  taxononiic  groups.  If  all  lian's 
and  rabbits,  for  example,  were  as  fertile  with  one  another  as  tlicv  arc 
within  their  own  n»s|)ectives|MM*ies,  there  can  \n*  no  doubt  that  xmiihtop 
later,  and  on  common  an'jis,  the  two  tyjM's  would  fus**  into  one.  And 
similarlv,  if  the  bar  of  stcrilitv  could  Ih'  thrown  down  as  Utween  all 
the  8|)ecies  of  a  genus,  or  idl  the  genera  of  a  family,  tuti  otlnnri.sc  pn- 
vefUed  from  i>i/crrras.s///j/,  in  time  all  such  sjHM'ies,  or  all  such  genera, 
would  iKM'ome  blended  into  a  single  tyjK*.  As  a  matter  of  fact,  com- 
plete fertility,  Inith  of  first  cross<\san<l  of  their  n*sulting  hybrids,  is  ran', 
even  as  lK»tw(M'n  s|)i'cies  of  the  siime  genus;  while  as  U'tw^iMi  genera  of 
tlie  same  family  complet**  fertility  d(H'S  not  apjM'ar  ever  to  oecur,  an<l, 
of  course*,  the  same  applies  to  all  the  higluT  taxonomic  divisions.  (  Mi 
the  other  hand,  some  degriM'  of  infertility  is  not  unusual  as  In-twi'iMi 
different  varieties  of  the  siime  s|K»cies;  and,  wherever  this  is  the  cas<', 
it  must  clearly  ai<l  the  further  different iat ion  of  tlu)s<'  varieties.  It 
^ill  be  mv  endeavor  to  show  that  in  tliis  latter  connect n»n  .si-xual 
in<*ompatibility  must  Ix'  hchl  to  have  taken  an  imm(>nsely  iin|M)rtant 
part  in  the  diffcn»ntiation  of  varieties  into  s|)ecies.  Hut  ini'anwhile  we 
have  oidy  to  obs<Tve  that  ir/irrnrr  such  incompatibility  is  conrtTiied, 
it  is  to  l)e  regarded  as  an  isolating  agency  (»f  tlie  very  lirst  importance. 
And  as  it  is  of  a  cliaractcr  pun'ly  physiologieal.  I  have  assi;;ned  to  it 
the  name  Physiological  Isolation;  while  for  the  particular  ca.M*  when' 
this  general  principle  is  conc<'rned  in  th<'  origination  of  spe<ific  tyjK's, 
I  have  H'served  the  name  I*hy.siol(»gical  Selection." 

If  tin*  factors  (»f  variation.  liercNlity,  natural  selection,  and 
isolation  arc,  in  the  nnnds  of  ni«»st  naturalists,  the  chief  fjn'tors 
in  s|M*cies-forniing  and  d(\seent  c(»ntrol,  an<l  a  cfunhination  of 
these  factors  is,  in  the  belief  of  tlu^se  siiwiv  naturalists  — theso- 
calltMl  selectionists  or  Xe<>- darwinians  a  suliicient  causal  ex- 
planation of  organic  evolution,  there  are  many  other  natural- 
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ists  who  liavo  no  such  hipjh  esteem  of  the  value  of  natural 
Belection.  These  believe,  variously,  that  (a)  to  the  selection 
factors  other  auxiliary  or  helping  ones  are  to  be  added,  or  (6) 
that  various  other  factors  are  ecjually  potent  in  species-forming, 
or  (c)  that  th(\se  other  factors  are  the  more  important  ones,  or 
finally  (d)  that  the  s(»lection  factors  are  of  no  importance  at  all, 
that  is,  have  no  reality.  Before  Darwin,  the  French  naturalist 
I^marck  had  clearly  emmciated  an  explaining  theory  of  species 
transformation,  and  there  are  to-day  many  naturalists  who 
l)elieve  that  the  Lamarckian  explanation,  or  its  fundamental 
assumption,  is  true,  or,  at  least,  that  it  is  based  on  the  more 
important  and  effective  factors  in  evolution.  These  natural- 
ists have  IxH^n  calUnl  Neo-Lamarckians.  Some  of  these  have 
fornmlated  theories  of  thcMr  own  bascnl  on  Lamarckian  funda- 
mentals, but  developed  in  direct  icms  more  or  less  obviously  away 
from  characteristic  Lamarckism. 

Still  other  fundamental  causal  factors  than  the  Darwinian 
ones  of  selecticm  and  the  Lamarckian  ones  of  accumulate<l  effect 
of  use,  disuse,  and  functional  stimulation  are  assume<i  in  certain 
other  theories  of  s]H»ci<^  change  and  general  evolution.  Nageli, 
a  l)otanist  and  natural  philosopher,  believ(Hl  in  a  special  inherent 
vitalistic  princi])le  or  force  in  living  matter  which  tends  to  pro- 
duce progressive  <iifTerentiation  and  evolution.  Von  KoUiker, 
Korschinsky,  and  de  VVies  l)elieve  that  s|)ecies-forming  occurs 
by  definite  sudden  small  (or  larger)  fixcnl  changes  or  nuitations, 
so  that  for  them  a  nuitational  or  discontinuous  variation  is  the 
fundamental  causal  factor  in  s|>ecies  transformation.  Numerous 
paleontologists  believe  that  variation  follows  determinate  lines 
in  its  occurrence,  so  that  evoluti(m  is  orthogenetic,  with  its  lines 
primarily  fixed  by  determinate  variation. 

We  may  then  examine  briefly  some  of  the  more  important 
8f)ecial  theories  or  groups  of  theories  j>ut  forward  by  biologists 
either  as  auxiliary  and  subordinate  to  the  more  generally 
known  Darwinian  theory,  or  as  alternative  with  or  substitutes 
for  this  theory. 

First  to  l)e  mentioned  should  be  the  transmutation  theory 
of  Lamarck.  In  its  simplest  expression  it  is,  that  every  individ- 
ual organism  is,  throughout  its  lifetime,  reacting  to  environ- 
mental stinuili  and  conditions  in  such  ways  as  to  change  its 
structure  and  its  habits  in  greater  or  less  degree  from  the 
structure  and  habits  of  its  parents  and  ancestors,  this  change 
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coming  about  specifically  from  the  varying  effects  of  use  or 
disuse  of  parts,  and  the  functional  stinmlation  of  other  i)arts 
in  response  to  such  extrinsic  conditions  as  light,  contact,  tem- 
perature, pressure,  color,  etc.,  etc.  The  changes  effected  will, 
in  the  nature  of  things,  be  essentially  adaptive.  Now.  these 
adaptive  changes,  these  variations,  or  new  characters  acc^uireii 
during  the  lifetime  of  the  individual  will  l)e,  in  I^marck's  l>olief. 
inherited,  if  not  in  full,  at  least  in  partial  degre<»,  by  th<»  offspring. 
These  in  turn  submitted  to  similar  or  to  different  environ- 
mental influences  will  continue  the  changes  either  cunuilatively 
or  diversely.  By  this  steady  direct  change  and  adaptation  to 
environment  the  sjXM'i(»s  is  ever  modifying  and  transforming. 
Evolution  marches,  and  marches  adapt ively  and  advanta- 
geously. 

But  modem  naturalists  find  a  most  unfortunate  im|HHliment 
to  this  simple,  direct,  and  sufficient  explanation  of  sjxM'ies- 
fomiing  ami  evoluticm  in  the  a})parent  untruth  of  the  a.Ksumption 
that  the  characters  a<'<iuir(Hl  by  an  individual  in  its  lifetime  are 
transmittcMJ  by  inh<Titance  to  its  young.  This  question,  fun- 
damental to  the  Liiuuirckian  theory,  of  the  inluTitame  or  non- 
inheritance  of  ac(|uir(Ml  characters  has  long  Immmi  one  of  tlu*  m(»st 
hotly  debated  ]M>ints  in  evohition  biology.  As  we  have  devoted 
a  numlxT  of  pages  to  its  particular  <iiscussion  in  our  later  cha|>- 
ter  on  heredity  (Chapter  .\),  we  need  not  antici|>ate  that 
discission  lu»n*.  It  is  sufiicient  to  sav  that  iis  far  as  scientific 
proof,  that  is,evidenc(»  fron*  actual  observation  and  (»\perim<'nt . 
goes,  those  naturalists  led  by  Weisniaim.  who  deny  this  inheri- 
tance, \ui\v  at  present  distinctly  the  better  of  the  argument. 

The  orthogenetic  evolutic»n  tluM»ries  of  various  auth«»rs. 
based  ujmui  the  assununl  occurn*nce  <»f  variations  in  determinate 
lines  or  directions  (a  restrict<Hl  and  determinati*  variation  as 
compared  with  the  nearly  infinite,  fortuitous,  and  indet<Tminate 
variation  assunuMi  in  tlu*  selection  theorvK  are  of  several  tvin^s. 
The  mention  of  two  will  reveal  |>retty  well  the  nion*  im|K»rtant 
charact<Ts  <»f  all.  Not  a  few  biologists  have  always  believed  in 
the  existence  of  a  sort  of  mystic.  sp<'cial  vitalistic  force  (»r  prin- 
ciple by  virtue  of  which  determination  and  general  ])rogn\<s  o\ 
evolution  is  chiefly  fixe<l.  Such  a  ca|»acity.  inhenMit  in  living 
matter,  seems  to  include  at  once  ]M>ssibility  of  sjH'cific  adapta- 
tion and  \ho  possibility  of  ]>ro^re.ssive  or  truly  evolutionary 
change.     Not  all  evolution   is   in   a  single  direct    line,  to   be 
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sure ;  ascent  is  not  up  a  single  ladder  or  along  a  single  genealogi- 
cal branch,  but  these  branches  are  few  (as  indeed  we  actually 
know  them  to  be,  however  the  restriction  may  be  brought  about) 
and  the  evolution  is  always  progressive,  tliat  is,  toward  what  we, 
from  an  anthropocentric  point  of  view,  are  constrained  to  call 
higher  or  more  ideal  life  stages  and  conditions. 

Other  naturalists  also  seeming  to  sec  this  course  of  determin- 
ate or  orthogenetic  evolution,  but  not  inclined  to  surrender  their 
disbelief  in  vitalism,  in  forces  over  and  beyond  the  familiar 
ont«  of  the  physicochemical  world,  have  tried  to  adduce  a 
definite  causomechanical  explanation  of  orthogenesis.  The 
best  and  most  comprehensible  tyi)cs  of  this  explanation  are 
those  essentially  Lamarckian  in  principle,  in  which  tlie  direct  in- 
fluence on  living  matter  of  environmental  conditions,  the  direct 
reactions  of  the  life  stuff  to  stimuli  and  influences  from  the 
world  outside,  are  the  causal  factors  in  such  an  explanation. 
But  while  every  naturalist  will  grant  that  such  factors  do  change 
and  control  in  considerable  degree  the  life  of  the  individual, 
most  see  no  mechanism  or  means  of  extending  this  control 
directly  to  tlie  species. 

The  stumbling  l)l()ck  of  heredity,  the  means  and  mode  of 
inheritance,  as  we  so  far  know  them,  are  directly  in  the  way  of 
any  general  acceptance  of  such  a  theory  of  evolution  under  the 
direct  control  of  sucli  "primary  factors  of  life.''  Ontogenetic 
species,  that  is,  conditions  of  structure  and  habit  common  to 
many  individuals  of  one  kind,  the  conditions  due  to  sameness 
of  intrinsic  and  extrinsic  factors  in  development,  constitute  a 
category  of  organisms  whicli  at  any  given  time  and  place  seem 
very  real,  and  are  for  the  moment  truly  real.  But  their 
environment  is  remaining  fairly  constant.  We  s])eak  easily  of 
the  flux  of  Nature:  her  everchangingness.  And  in  the  large 
we  are  speaking  only  of  the  truth.  But  during  our  brief 
period  of  observation  of  the  few  generations  of  this  or  that  kind 
of  aninuil  or  plant  that  come  under  our  eyes  and  microsco|)es, 
the  nature  environing  these  generations  may  l)e  nearly  uniform. 
What  are  the  changes  in  the  d(\sert  in  a  score  or  a  liundred  or  a 
thousand  of  years?  Wliat  changes  in  life  conditions  on  the 
barren  storm-swept  peaks  of  the  mountain  ranges?  What  in 
the  waters  of  that  brackish  bay  or  sweet -water  lake  apart  from 
the  paths  of  man?  Ontog(»netic  species  have  a  seeming  of 
reality,  but  so  far  as  our  present  knowledge  goes  it  is  only  a 
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soominp;:  reality  vanishes  with  the  death  of  the  individual: 
their  young  can  i)eri)etuate  their  speeific  peculiarities  only  if 
the  environmental  conditions  of  their  development  are  identical 
with  those  which  attendwl  the  growing  up  of  their  parents. 
Variations  in  this  environment  will  determine  variations  in 
them,  and  their  father's  kind  will  exist  no  more. 

The  authors  of  this  book  believe  that  more  characters  of 
species  than  are  commcmly  thought  are  of  this  shifty,  ephemeral 
character;  that  not  a  few  so-called  true  s|)<H'ies  are  only  onto- 
genetic sjx^cies  held  for  a  number  of  generations  true  to  a  iy\yc 
simply  because  the  environment,  the  extrinsic  factors  in  the 
development  of  all  the  individuals  in  these  succ(\ssive  genera- 
tions, are  the  same.  But  how  these  individual  characteristics 
and  chang(»s  can  be  put  into  the  hercMlityof  the  race  w(»  do  not 
understand.  "There  is  no  fixity  in  s|K'ci(»s  other  than  that 
due  to  the  long-r(»|H'ated  ontogenetic  reit(Tati(m  of  this  or  that 
cliaracteristic,'\suys  Luther  Hurbank.  And  he  sjM^aks  from  the 
conviction  forced  on  him  through  thirty  velars  of  the  closest  sort 
of  observation  and  jxTsonal  ex|HTieiice  of  ihr  Hfe  of  phmts. 
And  yet,  however  strongly  our  own  minds  rcs|M>nd  to  a  desin* 
to  lK'liev(»  this-  it  would  be  so  clarifying— the  obstinate  "no 
mechanism"  objection  stands  lM»ldly  up  to  check  our  sympa- 
thetic reasoning. 

Finally  we  shouM  refer  to  the  th<H)ries  of  h<'t(Togen(\sis  or 
8|)ecies-forming  by  nuitations  (»r  saltations,  which  have  be<'n 
pn)|HKs(Ml  at  various  times  as  a  sul)stitnte  for  the  theory  of 
8|H*cies-forming  by  the  gradual  transformation  tlirougli  scNm*- 
tion.  During  the  discussion  in  the  first  few  years  after  the 
ap|K»arance  of  Darwin's  "Origiii  of  S|H»cies,"  the  (lerman  zoolo- 
gist von  KoJliktT  express(Ml  the  belief  that  the  change  fron> 
8|K»cies  to  s|)ecies  would  probably  l>e  found  to  be  more  sudiN'U 
and  more  distinctive  than  Darwin's  theory  |>erinitted  tnie  to 
assunu*.  Lat<T,  th(»  l^ussian  l)otanist  Korschinsky,  on  a  l>asis 
of  g<*neral  ol>s<Tvation  and  some  not  very  extensive  |H*rsonal 
ox|MTimentation,  dehnitely  f(»rmulate<l  a  theory  of  s|M'ci(»s- 
forming  by  heterogent^sis  which  he  |>lae(Ml  strongly  in  <-ontrast 
with  Darwin's  tluNiry  of  gradual  tran>foriMation  by  selection, 
which  later  tlu^iry  he  clainunl  should  be  wholly  given  n|).  But 
not  until  the  publication  «»f  cle  Wies's  work,  />/>  M utatiiftis- 
throrn,  in  which  are  recorded  the  n'sults  of  close  |M*rson:il 
ol>MTvatit)n  and  ex|)erimentation  for  twentv  vears  on  race  and 
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species-forming  in  plants  has  the  theory  of  species-forming  by 
mutations,  or  sudden  fixed  changes  (lesser  or  greater)  had  any 
considerable  adoption  or  even  general  attention. 

At  the  present  moment,  probably  because  of  a  strong  re- 
action against  the  too  blind  accej^tance  and  general  over- 
emphasis of  the  selection  doctrines,  and  because,  too,  of  the 
unusually  extensive  character  of  de  Vries's  experimentation  and 
observation,  and  his  trenchant  criticism  of  the  weak  places 
in  the  other  theories,  with  the  generally  weighty  character  of 
his  work  and  reputation,  because  of  all  this  the  theory  of  species- 
forming  by  mutations  has  at  the  present  moment  a  fairly  large 
lx)dy  of  adherents  among  reputal)le  biologists.  And  yet  the 
actual  evidenc^e  of  tested  observation  on  which  the  theory  rests 
is  curiously  meager.  One  luistens  to  admit,  however,  that 
similar  evidence  for  the  th(M)ry  of  direct  species-forming  by 
selection  is  also  meager.  While  apparently  no  one  has  ever 
s(»en  a  case  of  species-making  l)y  the  natural  selection  of  slight 
fluctuating  variations,  de  Vries  seems  to  V)e  almost  the  only 
one  who  has  observed  actual  cases  of  s|)ecies-making  by  hetero- 
genesis,  and  he  has  seen  very  few.  And  in  the  nature  of  things, 
the  opportunities  for  this  kind  of  evidence,  that  is,  that  of  actual 
observation,  ought  to  he  nnich  larger  in  the  case  of  hetero- 
genesis  than  in  that  of  general  transformation  by  the  selection 
of  slight  variations.  An  account  of  the  exact  character  of 
the  de  Vriesian  mutations  is  included  in  our  later  chapter  on 
variation  and  mutation.  Our  readers  should  realize,  that 
however  much  they  may  see  of  this  theory  in  present-day 
popular  scientific  literature,  and  liowever  strongly  the  ca.se 
may  be  put  in  favor  of  the  mutation  theory  of  species  origin, 
this  theory  is  not  accepted  by  the  great  body  of  biologists  as 
entitled  to  replace  the  Darwinian  theory. 

We  may  close  tliis  chapter  with  a  reference  to  a  pregnant 
sentence  of  the  American  pahnrntologist,  Osl)orn,  in  a  lecture 
entitled  "The  Unknown  Factors  of  Solution '':  "The  general 
conclusion  we  rviwh  from  a  survey  of  the  wliole  field  is  that  for 
Buffon's  and  Lamarck ^s  factors  we  have  no  theorv  of  hereditv, 
while  the  original  Darwinian  factor,  or  Neo-Darwinism,  offers 
an  inadequate  explanation  of  evolution.  If  acquired  varia- 
tions are  transmitted,  there  must  be,  therefore,  some  unknown 
principle  in  heredity;  if  they  are  not  transmitted,  there  must  be 
Bome  unknown  factor  in  evolution.''     Our  present  pliglit  seems 
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to  be  exactly  this:  we  cannot  explain  to  any  general  satisfac- 
tion species-forming  and  evolution  without  the  help  of  some 
Lamarckian  or  Eimerian  factor;  and  on  the  other  hand,  we 
cannot  assume  the  actuality  of  any  such  factor  in  the  light  of 
our  present  knowledge  of  heredity.  The  discovery  of  the 
''unknown  factors  of  evolution^'  should  be  the  chief  goal  of  all 
present-day  biologic  investigation. 


CHAPTER  VIII 

GEOGRAPHIC  ISOLATION  AND  SPECIES- 
FORMING 

"For  me,  it  is  the  chorology  of  organisms,  the  study  of  all  the 
important  phenomena  embraced  in  the  geography  of  animals  and 
plants,  which  is  the  surest  guide  to  the  knowledge  of  the  real  phases  in 
the  process  of  the  formation  of  sixjcies." — Moritz  Wagner. 

A  Fi/^oD  of  light  may  be  thrown  on  the  general  problem 
of  the  origin  of  sj^ecies  by  the  study  of  certain  evidence  as  to 
the  *  actual  origin  of  si)ecies  with  which  we  may  be  familiar,  or  of 
which  the  actual  history  or  the  actual  ramifications  may  in 
some  degree  be  traced. 

In  such  cases,  one  of  the  first  questions  naturally  asked  is 
this:  Where  did  the  species  come  from?  Migration  forms  a 
large  part  of  the  history  of  any  sjKJcies  or  group  of  forms.  The 
fauna  of  any  given  region  is  made  up  of  the  various  si^ecies  of 
animals  living  naturally  within  its  borders.  The  flora  of  a 
region  is  made  up  of  the  plants  which  grow  naturally  within 
its  limits.  Of  all  these,  animals  and  plants,  the  inhabitants 
of  most  regions  are  apparently  largely  migrants  from  some 
other  region.  Some  have  entered  the  region  in  question 
before  accpiiring  their  present  specific  characters;  others  come 
after  having  done  so.  Which  of  these  conditions  apply  to  any 
given  case  can  sometimes  be  ascertained  by  the  comparison 
of  the  individuals  along  the  supposed  route  of  migration. 

Thus,  Dr.  C.  Hart  Merriam  has  undertaken  to  show  the 
actual  origin  of  nine  si)ecies  of  Californian  chipmunks  (KiUamias) 
by  an  elaborate  study  of  their  distribution,  adaptations,  and 
transformations.     He  finds  them  closely  relatecl  to  one  another, 

'  A  pap<»r  published  in  "Science,"  19()6,  by  the  senior  author,  under 
the  title  "The  Actual  Origin  of  Species,"  has  been  freely  quoted  from  in 
this  chapter. 
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l)Ut  not  derived  from  one  another  by  direct  lines  of  descent.  A 
closer  study  indicates  that  some  of  them  "came  from  closely 
related  forms  in  remote  geographic  areas,  others  from  antece- 
dent forms  now  extinct,  and  not  more  than  three  or  four  from 
species  still  inhabiting  the  region." 

The  nature  of  any  fauna  bears  an  immediate  relation  to 
the  barriers,  geographic,  climatic,  toi)ographic,  or  bionomic, 
which  may  form  its  boundaries.  By  bionomic  barriers  we 
mean  any  condition  of  any  sort  which  may  check  free  inter- 
breeding, or  which  may  tend  to  cause  divergence  within  a 
si>ecies.  A  thickly  peo|)led  level  area  may  be  in  this  sense  a 
barrier,  V)ecause  it  prevents  the  animals  on  the  one  side  of  the 
area  from  interbreeding  with  those  on  the  opposite  side.  If 
the  two  extremes  have  diverged  to  become  different  si)ecies, 
the  individuals  in  the  middle  area,  whose  presence  in  a  sense 
constitutes  the  bionomic  barrier,  are  usually  variously  inter- 
mediate in  the  characters  and  ha])its  which  they  possess. 

Whenever  the  indivi(hials  of  a  species  move  evenly  over  an 
area,  its  menil)ers  freely  interbreeding,  the  character  of  the 
species  remains  substantially  uniform.  Whenever  freedom  of 
movement  and  consecjuent  freedom  of  interbreeding  is  checked, 
the  character  of  the  s|)ecies  is  ra|)i(lly  altered.  It  is  changed 
even  though  external  conditions  seem  to  be  absolutely  identical 
on  both  sides  (jf  the  barrier,  and  if  there  is  no  visible  distinction 
in  the  original  stock  on  the  two  sides.  IVesumably,  there  are 
subtle  difTerenc(s  in  the  environment,  producing  changes  in 
the  process  of  selection  and  adaptation.  Doubtless,  there  are 
diflferences  ecjually  subtle  i>roduced  by  the  processes  of  varia- 
tion and  their  rejK'tition  by  inheritance. 

The  pregnant  phrase  of  Dr.  Coues  applies  in  these  cases: 
"Migration  holds  s|)ecies  true:  localization  lets  them  slip." 
In  other  words,  free  interbreeding  swamps  incipient  lines  of 
variation,  and  this  in  almost  every  case.  On  the  other  hand,  a 
barrier  or  check  of  any  sort  brings  a  certain  group  of  individuals 
together.  These  are  subjected  to  a  s(»lection  different  from 
that  which  obtains  with  the  species  at  large,  and  under  these 
conditions  new  forms  are  developed.  This  takes  place  rapidly 
when  the  conditions  of  life  are  greatly  changed,  so  that  a  new 
set  of  demands  is  made  on  the  species,  and  those  individuals  not 
meeting  it  are  at  once  destroyed.  The  process  is  a  slow  one, 
for  thq  most  part,  when  the  barrier  in  question  interrupts  the 
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flow  of  life  without  materially  changing  its  conditions.  But 
this  is  practically  a  universal  rule:  A  barrier  which  prevents  the 
intermingling  of  members  of  a  species  will  with  time  alter  the 
relative  characters  of  the  groups  of  individuals  thus  separated. 
These  grou|)s  of  individuals  arc  incipient  species,  and  each 
may  become  in  time  an  entirely  distinct  species  if  the  l)arrier 
is  really  insurmountable.  In  the  great  water  basin  of  tiie 
Mississippi,  many  families  of  fish  occur  and  very  many  hi>o- 
cics  are  diffused  throughout  almost  the  whole  area,  occurring 
in  all  suitable  waters.  Once  a<imittcd  to  the  water  basin,  each 
one  ranges  widely  and  each  tributary  brook  has  many  sjx^ries. 
In  the  streams  of  California,  mostly  small  and  isolated,  the 
number  of  g<»nera  or  fainili(\s  is  much  smaller.  F^ach  species, 
unless  nmning  to  the  sea,  luis  a  narrow  range,  and  closc»ly  re- 
lated speci(»s  are  not  found  in  the  same  river.  The  fact  hist 
mentioned  has  a  very  broad  application  and  may  be  raiscni  to 
the  dignity  of  a  general  law  of  distribution. 

Given  any  sfH^cies  in  any  r(»gion,  the  n(»arest  relat<Ml  siH'ci(»s 
is  not  lik<'ly  to  Ik*  found  in  the  same  n»gion  nor  in  a  remote 
region,  but  in  a  iiei^)i)>oring  district  separate<I  fnun  the  first 
bv  a  barri<T  of  some  sort,  or  at  Ivimt  bv  a  lK»lt  of  countrv,  tlie 
breaiith  of  whidi  giv(»s  the  effect  of  a  barrier. 

Always  tlie  sfHTies  iieart*st  alike  in  structure  are  not 
found  t(»g<»tlHT  nor  yet  far  apart,  an<l  always  a  rheck  to 
interbnHMling  lies  lH'tw<»<»ii.  Where  two  elosely  alliiNl  forms 
are  not  found  to  int<Tgra<le,  they  are  calle<l  distinct  s|M»ries. 
If  we  find  actual  int<'rgradati(m,  the  occurrence  of  s{M'ciiiiens 
internunliate  in  structure.  tlu»  t(Tm  sul»s|H»ci(»s  is  coiiunonly 
use<l  for  <»ach  of  the  n»cogiiizable  groups  thus  connect (m I. 

Widely  distributiMl  across  the  rnitiMl  States  and  fnnn 
southern  (*anada  to  Arizona,  we  have  the  yellow  warbler, 
Dvndrniai  a  slim.  This  bin!  is  cliicflv  vellow,  oIiv(»  on  the 
Imck  with  chestnut  stn*aks  on  th<*  sides,  the  tail  feathers  colonni 
like  the  lM)dy,  an<l  without  the  white  s|M>t  on  the  outer  feathers 
shown  in  most  of  the  other  wo<m1  warblers  coiniMising  the  genus 
Dendroica. 

The  yellow  warbler  throughout  its  range  is  very  uniform 
in  size  and  <-oIor.  Its  nearest  relative  differs  in  having  a 
shaije  |es>  olive  on  the  back  and  the  brown  streaks  on  the  sid«»8 
imrrower.  This  form  is  found  in  the  Son<»ran  n'juinn,  and.  as 
along  the  iiio  Grande  it  intergrades  with  the  first,  it  is  called 
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a  subspecies,  Dendroica  (vstiva  sonorana.  Further  south,  in 
central  Mexico,  this  form  runs  larger  in  size  and  is  recorded  as 
Dendroica  ctstiva  dugesi.  Northward,  through  to  Alaska,  we 
have  an  ally  of  the  parent  bird,  but  smaller  and  still  more 
greenish.     This  is  Dendroica  (estiva  rubiginosa. 

In  the  West  Indies,  the  golden  warblers  migrate  not  from 
north  to  south,  but  from  the  shore  to  the  mountains,  and, 
ix)ssibly  in  consecjuence  of  the  less  demand  of  flight,  the  wing 
is  shorter  and  more  rounded,  while  the  tail  is  longer.  As  these 
forms  do  not  clearly  intergrade  with  those  of  the  mainland, 
and,  for  the  most  part,  not  with  each  other,  they  are  held  to 
represent  a  number  of  distinct  species,  although  doubtless 
derived  from  the  parent  stock  of  Dendroica  wstim.  Some  of 
these  West  Indian  foruLS  are  relatively  large,  the  wing  more 
than  five  inches  long,  and  the  longest  known  of  these,  the  type 
of  the  species  for  this  reason,  found  in  Jamaica,  is  called  Dendro- 
ica  petechia.  On  the  island  of  Grand  (^ayman  is  a  similar 
bird,  a  little  smaller,  Dendroica  auricajrilla.  Of  a  deeper 
yellow  than  petechia ,  and  equally  large,  is  the  golden  warbler 
of  the  Lesser  Antilles  ranging  from  island  to  island,  from  Porto 
Rico  to  Antigua.  This  form,  first  known  from  St.  Bartholomew, 
is  Dendroica  petechia  bartholemica.  A  smaller  bird,  a  little 
different  in  color,  takes  its  place  in  the  Bahamas.  This  is 
Dendroica  petechia  ffainceps. 

In  Cuba,  the  golden  warbler  is  darker  and  more  olive,  with 
other  minor  differences  from  the  form  called  Imrtholemica,  of 
whicli  it  may  be  the  i)arent.  This  is  Dendroica  petechia  gund- 
Inchi.  A  similar  l)ird,  but  witli  the  crown  distinctly  chestnut, 
is  Dendroica  petechia  anreoUiy  tlie  golden  warbler  of  the  Gala- 
pagos and  (\)cos  Islands,  off  the  coast  of  K<'uador  and  Peru. 
Scattered  over  other  islands  are  smaller  golden  warblers  with 
the  wing  less  than  five  inches  long,  and  with  the  crown  tawny 
red,  as  in  aureola.  These  are  known  collect ivelv  as  Dendroica 
ruficapiilay  the  typo  IxMng  from  CJuadcloupe  and  Dominica. 
More  heavily  streaked,  with  the  crown  darker  in  color,  is  the 
golden  warbler  of  Cozuniel,  Dendroica  ru/icajrilla  fori  vertex, 
and  with  verv  similar  but  with  tlarker  crown  is  Dendroica 
ruficajrilla  parida,  of  the  island  of  St.  Andrews.  Always,  the 
nearest  form  lies  across  the  barrier,  and  among  these  island 
forms  the  chief  barrier  is  the  sea.  With  a  darker  chestnut 
crown    is    Dendroica    ruficapiUa   rujopileata,   of   the   island   of 
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Curasao,  and  still  darker  bay  ie  the  crown  of  Dendraiea  ruficapUla 
eapUaliSf  the  golden  warbler  of  the  Harbadoes. 

Still  other  golden  warblers  exist,  with  tiie  eiiin  and  throat 
chestnut  as  well  as  the  crown.  One  of  these,  olive  green  on  the 
back,  is  Dendraiea  rufiffula,  of  Martinic|i]c.  Tlie  others  are 
more  yellow.  One  of  these,  with  tlie  sides  heavily  streaked, 
inhabits  the  isthmus  region,  Dendraiea  enfthaeaideSf  called  a 
distinct  species,  l)ecause  no  intergradations  have  l)een  made 
out.  Another,  more  faintly  streakinl,  replaces  it  on  tlie  Atlantic 
coast  from  Yucatan  to  Costa  Hica,  Dendraiea  hr]fanti,  wliile 
the  Pacific  coast,  fn)m  Sinaloa  to  Costa  Kica,  has  another  form, 
with  still  fainter  markings,  Dendraiea  hryanti  eastanieepa.  An 
extreme  of  this  form  with  the  throat  and  breast  tawny,  btit  not 
the  crown,  is  found  in  ,)amai(*a  again  and  is  known  as  Dendtaiea 
eoa.  In  this  case,  whi(*h  is  one  typical  of  most  groiifis  of  small 
birds,  the  relation  of  the  s|HH*ies  to  the  harriers  of  gcfigraphy 
is  so  plain  as  to  admit  of  no  doubt  or  cjuestion. 

(liven  the  facts  of  individual  fluctuation  ami  of  here<iity. 
it  is  manifest  that  while  natural  select  ion  may  prcMiuce  and 
enforce  adaptation  to  conditions  of  life,  the  traits  which  dis- 
tinguish th(»se  s|)eci(>s  In^ar  little  relation  to  utility.  The 
individuals  which,  si'paratcxi  from  the  main  flock.  {M^ople  an 
island,  give  their  actual  traits  to  their  actual  descendants,  and 
the  traits  enforccMl  hv  natural  s(»lection  differ  from  island  to 
island.  If  external  conditions  were  alike  in  all  the  ishmds  the 
pnigress  of  evolution  would  jHThajw  run  parallel  in  all  of  them, 
and  the  only  difference's  which  would  iH»rsi.st  wouM  1h»  derivenl 
from  <liffen»nces  in  the  |>:irent  stock.  As  some  diffen^nce  in 
envinmment  exi.sts,  there  is  a  corn»s|>onding  iliffen*nc(»  in  the 
8|NM*i«^  as  a  result  of  miaptation.  If  gn»at  <lifferenc<»s  in  CM»n- 
dititins  exist,  the  change  in  the  s|H»ci<»s  may  Ih»  greater,  more 
rapidly  acH)mplishe<l,  and  the  characters  obsiTvcni  will  Innir 
a  closer  n'lation  to  the  principle  of  titility. 

I)(»ubth*ss,  wide  fluctuations  or  nuUations  in  every  sjHMMt^ 
are  mon^  common  than  we  supiNise.  With  fnM»  jiccf\«<s  to  the 
mass  of  the  s|KH'i<»s.  these*  an*  lost  tlir<»ugh  interl)n»e<ling. 
Isolate  them,  as  in  a  garden,  or  an  <*nclosure  or  (»n  an  island,  and 
these  may  1k»  eontiiuie<i  and  intensifinl  to  form  new  simmmcs  or 
ract*s.      Anv  bre*»der  or  anv  horticulturist  will  illustr:itt»  this. 

It  is  not  claimeil  that  s|)ecies  are  occ:isioiially  associatcnl 
iRith  physical  barriers,  which  determine  their  range,  and  which 
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have  l>een  factors  in  their  formation.  We  claim  that  such 
conditions  are  virtually  universal  among  species  as  they  exist 
in  nature.  Wlien  the  geographical  relations  of  the  origin  of  a 
s[)ecies  cannot  l>e  shown  it  is  usually  because  the  species  has  not 
been  critically  studieil,  from  absence  of  material  or  from  absence 
of  interest  on  the  part  of  naturalists.  In  a  few  cases,  a  species 
ranges  widely  over  the  earth,  showing  little  change  in  varying 
conditions  and  httle  susceptibility  to  the  effects  of  isolation. 
In  other  cases,  there  is  some  ix)ssibiHty  that  saltations,  or 
suddenly  apiH»aring  characters,  may  give  rise  to  a  new  species 
within  the  territory  already  occupied  by  the  parent  form. 
Rut  these  cases  are  so  rare  that  in  ornithology,  mammalogy, 
heri)et<)l<)gy,  conchology,  and  entomology,  they  are  treated  as 
negligible  (|  nan  titles. 

One  of  the  most  successful  workers  in  this  field  is  Rev.  John 
T.  (iulick»  whose  studi(\s  of  the  localization  of  sjx^cies  and  sub- 
si>ecies  of  land  snails  in  Oahu  Ishind  (Hawaii)  have  become 
classical.  According  to  Mr.  (Sulick,  the  land  snails  of  the 
wood(Hi  ]H)rtion  of  Oahu  have  b(»coine  split  up  into  about 
175  species  of  hind  shells  represente<l  by  700  or  S(X)  varieties. 
He  fre(|uently  finds  a  genus  represent(Ml  in  several  successive 
vall<»vs  by  alli(»d  sihmm(\s,  sometimes  fecnling  on  the  same  and 
similar  plants.  In  <»very  case,  the  valleys  that  are  nearest  to 
each  other  furnish  the  most  nearly  allie<l  forms,  and  a  full  set 
of  the  varieties  of  (»ach  s|K»cies  presents  a  minute  gradation 
lH»tween  th(»  more  divergent  types  foimd  in  the  more  widely 
separat(Hl  localiti(»s.  Similar  conditions  are  recorde<l  among 
the  land  snails  in  Cuba  and  in  other  regions.  In  fact,  on  a 
smaller  scale,  the  development  of  si)ecies  of  land  and  river 
mollusks  has  everywhere  progresscnl  (m  similar  lines  with  that 
of  birds  and  fishes.  To  recognize  isolation  as  practically  a 
necessjiry  condition  in  the  sulxlivision  of  si)ecies  need  not 
necessarilv  eliminate  or  belittle  anv  other  factor.  Isolation  is 
a  condition,  not  a  force.  Of  itself  it  can  do  nothing.  Species 
change  or  diverge  with  space  and  with  tinie:  with  space,  be- 
cau.se  geographical  extension  divides  the  stock  and  brings 
new  conditions  to  part  of  it;  with  time,  because  time  brings 
always  new  ev(»nts  and  changes  in  all  environment.  The 
lK»ginning  of  each  s|)ecies  must  rest  with  its  variability  of 
individuals. 

One  of  the  most  r(»markable  cases  of  group  evolution  is 
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that  of  tlie  Bong  hinls  of  Hawaii  which  oonstitiito  the  family  of 
Drepanidsc.  In  this  family  are  a))out  forty  spo<*ies  of  birds, 
all  much  alike  as  to  general  stnietiire,  but  diverging  amazingly 
from  each  other  in  the  form  of  the  bill,  with,  also,  striking 
difTerenoes  in  the  color  of  the  plumage.  In  almost  all  other 
famili(*s  of  birds  the  form  of  the  bill  is  very  uniform  within 
the  group.  It  is  correlate<l  with  the  fee<iing  habits  of  the  bird, 
and  these  in  most  grou|)s  of  wide  range  become  nearly  luiiform 
within  the  limits  of  the  family.  With  a  great  range  of  com- 
petition, eacli  iypo  of  bird  is  force<l  to  adapt  itself  to  the  siH»cial 
line  of  life  for  which  it  is  lK»st  fitt<vl.  But  with  many  diverging 
possibilities  and  no  comix'tititm.  exci»pt  among  thems<»lv«»s,  the 
conditions  are  changiHl,  and  we  fin<l  Drepanidic  in  Hawaii 
fitted  to  almost  every  kind  of  life  for  which  a  song  binl  in  the 
tropics  may  |M)ssibly  lM»c(mie  adapt e<l.     (Plate  11.) 

In  spite  of  the  large  <li(Terencc»s  to  Ih»  notnl  there  can  \h* 
little  doubt,  as  Dr.  Hans  (iadow,  Mr.  Henry  W.  ilenshaw  and 
others  have  shown,  of  the  roiiunon  origin  of  the  Drepanidie. 
A  strong  iH'culiar  goat  like  odor  exhalcMi  in  life*  by  all  of  them 
affords  one  piece  of  evi«lencc  |>ointing  in  this  direction.  There 
is.  mor(»over.  not  niu<*h  doubt  that  the  whole  group  is  <l<»srcnd<^l 
fnmi  ."^ome  stock  iM'longing  to  the  family  of  hoiu'v  chm^imts, 
Ccen*bida\  of  the  fo^^sts  of  Central  .America.  F-iich  of  \\w 
Hawaiian  Islands  has  its  siH»ci<»s  of  Drepanine  birds,  some  olive 
green  in  <'olor.  soint*  yellow,  soint'  black,  some  s<'arlet.  an<l  some 
variegated  with  black,  white,  and  golden.  The  femal(*s  in 
most  cas<»s.  like  the  young,  are  olive  griM'n.  On  ea<*h  island, 
most  of  the  s|HM'ies  are  confiniHl  to  a  small  «listrict,  to  a  single 
kind  of  thicket  or  a  single  siHM'ies  of  tree,  each  s|hmm<»s  U^ing 
es|x?cially  fin<Ml  to  these  localized  surroundings.  With  the 
dc*structi(m  of  the  forests  .some  of  th(*se  siM'cies  are  alrea<ly  rare 
or  extinct.  With  high  s|MM'ialization  of  the  bill  th(\v  lose  tln»ir 
|K>wer  of  adaptation.  In  each  of  the  several  recogniz<Mi  genera 
there  are  nmnerous  s|H'cies.  mostly  thus  s|H>ei:ili/,ed  and  loeal- 
iziVl.  relatively  few  s|MM*i«^  being  wi<lely  tiistributnl  throughout 
the  islands. 

.Most  primitive  of  all.  least  siH'cializnl  and  most  like  the 
honey-creejMT  an<H»stry,  is  the  olive  gn'en  Orromiffitis  fHiinii  of 
the  most  ancient  island.  Kauai.  This  bird  has  a  >mall  straight 
bill,  not  unlike  that  nf  the  >lender-bille4l  sparmws.  It  is  said 
to  1n'  th<*  most  energetic  an<i  ubiquitous  of  the  gn»up,  feisling 
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on  insects  on  the  trunks  of  trees.  If  we  assume  that  Orefh- 
mystis,  or  some  other  of  the  genera  with  short  and  slender  bills, 
represents  the  original  type  of  Drepanidse,  we  have  two  lines  of 
divergence,  both  of  them  in  directions  of  adaptation  to  peculiar 
methods  of  feeding. 

Next  to  Oreomystis,  on  the  one  hand,  we  have  Loxops  and 
Himatione,  with  the  bill  pointed,  a  little  longer  than  in  Orefh- 
mystiSy  and  slightly  curved  downward.  The  species,  red  or 
golden,  of  these  two  genera  are  distributed  over  the  islands, 
each  on  its  own  mountain  or  in  its  own  particular  forest. 
VestiarUiy  another  genus,  remarkable  for  its  beautiful  scarlet 
plumage,  has  the  bill  very  much  longer  and  strongly  curved 
downward.  Vestiaria  coccinea,  the  iiwi  of  the  islands,  lives 
among  the  crimson  flowers  of  the  ohia  tree  (Metrosideroa)  and 
the  giant  lol)clia,  where  it  feeds  chiefly  on  honey,  which  is 
said  to  drop  from  its  bill  when  shot.  According  to  Mr.  S.,B. 
Wilson,  the  scarlet  sickle-shaped  flowers  of  a  tall  climbing 
plant  (Strongylodon  htcidiis)  found  in  these  forests  *'  mimic  in 
a  most  perfect  manner  both  in  color  and  in  shape  the  bill  of 
the  iiwi  "  so  that  the  plant  is  called  nukuiiwi  (bill  of  the  iwii). 

The  next  genus,  Drepanis,  has  the  sickle  bill  still  further 
prolonged,  forming  a  segment  of  a  circle,  and  covering  nearly 
fifty  degrees.  Drepanis  pacifica,  one  of  the  species,  has  the  bill 
forming  about  one  fourth  of  the  total  length.  The  species  of 
this  genus,  black  and  golden  in  color,  were  very  limited  in 
range,  and  are  now  nearly  or  quite  extinct.  Still  another 
group  with  sickle  bills,  Hemignathua,  diverges  from  Vestiaria 
in  having  only  the  upper  mandible  very  long  and  decurved, 
the  lower  one  being  straight  and  stiff.  The  numerous  species 
are  mostly  golden  yellow  in  color.  The  group  contains  long- 
billed  forms  like  HcmigncUhiis  procerus  of  Kauai,  and  short- 
billed  forms  like  Heterorhynchiis  olivaceus  of  Hawaii.  In  the 
short-billed  forms  the  two  mandibles  arc  quite  unlike:  the  upper 
very  slender,  much  curved  and  about  one  fourth  the  length  of 
the  rest  of  the  body,  the  lower  mandible  half  as  long  and  thick 
and  stiff.  These  birds  feed  chieflv  on  insects  in  the  dead  limbs 
of  the  koa  trees  in  the  mountain  forests.  Some  or  all  of  them 
use  the  lower  mandible  for  tapping  the  trees,  after  the  fashion 
of  woodiK^ckors,  while  with  the  long  and  flexible  upper  one  they 
reach  into  cavities  for  insects  or  insect  larvaj  or  suck  the  honey 
of  flowers. 
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Mr.  S.  B.  Wilson  remarks:  "Nature  luis  sliown  p:reat  sym- 
metry in  regard  to  the  sjx^cies  of  this  genus  {IlnnujmUhus 
including  11  eterorhynchus)  to  lx»  found  in  the  Sandwich  Arclii- 
pelago,  three  of  the  main  islands  having  each  a  long-billcHi 
and  a  short-hilled  form/'  This,  of  course,  is  most  natural. 
Both  long-hilleii  forms  (Heniigjiathus)  and  short -hi  1I(m1  forms 
(Heierorhi/nchus)  have  spr(»ad  from  the  island  wh(»re  they  wore 
originally  develojKHl  to  the  other  islands,  e»ach  changing  as  it, 
is  isolatcMl  from  the  main  IkxIv  of  the  s|>ecios  and  subjcM-Knl 
to  natural  select icm  under  new  conditions.  With  the  genus 
Heterorhyjichu.s,  the  forms  with  slender  bills  reach  their  culmina- 
tion. 

Going  hack  to  the  original  stock,  to  wliicli  (>n<tnnfstis 
bairdi  is  |>erhai>s  the  nearest  living  ally,  we  note  first  a  <livergen<*(» 
in  another  direction.  In  RhmincmUhis,  the  hill  is  stout  like 
that  of  the  large  finch,  not  longer  than  the  rest  of  the  head, 
and  curved  downward  a  little  at  the  tip.  The  spiM-ics  of  this 
genus  fe(Ml  largely  on  the  l)(»an  of  the  acacia  and  other  similar 
trees,  varying  this  with  cater|)illars  and  other  insects.  Tin* 
stout  hill  serves  to  crush  the  schmIs.  In  Chloridttps,  the  hill  is 
still  heavi<T,  very  mu<'h  like  that  of  the  grosl»cak.  ChUtritUtp^ 
kotia  is,  according  to  Mr.  RolnTt  Perkins,  a  dull,  sluggish. 
solitarv  bird  and  verv  sih'ut  ;  its  whol<»  (»\istcnce  inav  be  suinmccl 
up  in  the  words  "to  eat."  Its  fcKxi  consists  of  the  friiit  (»f  tli<» 
aaka  (biistard  sandal  tn'c),  and  as  this  is  very  minute,  its  whole 
time  scM'Uis  to  be  taken  up  in  cracking  the  extremely  Jiard 
shells  of  th(»  fruit,  for  which  its  extraordinarily  powerful  bill 
and  heavy  head  are  w<'ll  adapted. 

"The  incessant  enirkiiig  of  the  fruits,  when  one  of  thes<«  hinls  is 
fwHling,  tiie  noise  of  whieh  can  Imv heard  f(»r  a  roiisi«lerahle  «listanre, 
rpn<lers  thr  bird  nuirh  easier  to  get  than  it  otherwise-  wouM  \h\  Its 
U»ak  is  always  verv  dirtv  with  a  brown  substance  adhering  to  it  whi<-h 
must  U'  deriviMl  from  the  sandal  nuts." 

In  I*sittacirostra  and  Pscudonestitr  the  bill  suggests  that  of 
a  parrot  rather  than  that  of  a  groslw^ak.  The  mandibles  ar<* 
still  very  h<»avy,  but  the  1ow<t  on<'.  as  in  Ildrmrhf/nrhus,  is 
short  and  straight,  while  the  mu<*h  longer  U|>|H'r  one  is  ho<»ke<i 
over  it.  Psnidofirstnr  feeds  on  th<'  larva*  of  woo<l-i>oring  l>eetles 
((lytanus)  found  in  the  koa  tribes  (Acacia  jalcata),  while  the 
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closely  related  Psittacirostra  eats  only  fruits,  that  of  the  ieie 
{Freycinetui  arhorea)  and  the  red  mulberry  {Morus  sapyrifera) 
being  especially  chosen.  In  all  these  genera,  there  is  prac- 
tically one  species  to  each  island,  except  that  in  some  cases 
the  species  has  not  spread  from  the  mountain  or  island  in  which 
we  may  supiK)se  it  to  have  been  originally  develo|)ed. 

There  are  a  few  other  song  birds  in  the  Hawaiian  Islands, 
not  related  to  the  Drepanida*.  These  are  deprived  from  tlie 
islands  of  Polynesia  and  have  deviated  from  the  original  types 
in  a  degree  corres|)onding  to  their  isolation.  In  the  case  of  the 
Drepanidi!',  it  seems  n(»c(»ssary  to  conclude  that  natural  selection 
is  res|)()nsible  for  the  |)hysiol()gical  adaptations  characteristic 
of  the  difT<T(»nt  gc^iiera.  Sucii  changes  may  ])e  relatively  rapid, 
and  for  the  same  reason  thev  count  for  little  from  the  stand- 
point  of  |)hyl()geny.  On  the  other  hand,  the  nonuseful  traits, 
the  petty  traits  of  form  and  coloration  whicii  distinguish  a 
specic^s  in  Oahu  from  its  homologuc*  in  Kauai  or  Hawaii,  are 
results  of  isolation.  These  results  may  Ix*  analyzed  as  in  part 
differences  in  selection  with  different  comjK'tition,  different 
food  and  different  conditions,  and  in  |)art  to  hereditary  differ- 
ence due  to  the  personal  eccentricities  in  the  parent  stock  from 
which  the  newer  species  was  derive'd. 

In  these  as  in  all  similar  cases  we  mav  confident Iv  affirm: 
the  ada|)tive  characters  a  si)ecies  may  present  are  due  to 
natural  selection  or  are  developed  in  connect i(m  with  the 
demands  of  comjKMition.  The  charactc^rs  nonadaptive  which 
chiefly  (fistinguish  sjxH'ies  do  not  result  from  natural  selection, 
but  are  connected  with  some  form  of  geogra|)hical  isolation 
and  th(»  segregation  of  individuals  resulting  from  it. 

Th(»  origin  of  races  and  breeds  of  domestic  animals  is  in 
general  of  nuich  the  same  nature.  In  travefing  over  Eng- 
land one  is  struck  bv  the  fact  that  each  count v  has  its  own 
breed  of  sheej),  each  of  these  having  its  type  of  excellence  in 
mutton,  wool,  hanhness,  or  fertility,  but  the  breeds  distin- 
guished by  characters  having  no  utility  either  to  sheep  or  to 
man.  The  brcM'ds  an*  formcHl  primarily  by  isolation.  The 
traits  of  the  first  individuals  in  each  region  are  intensified  by 
the  in!)ree(ling  resuhing  from  segregation.  Natural  selection 
preserves  the  hardiest,  the  most  docile,  and  the  most  fertile: 
artificial  selection  those  which  vield  the  most  wool,  the  best 
mutton  and   the  like.     The  breed  once  established,  artificial 
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Holection  also  tends  to  intensify  and  to  preserve  its  nonadaptive 
characteristic  marks.  The  more  pride  tiic  breeders  take  in 
their  stock,  the  more  certain  is  the  preservation  of  the  breed's 
tiscless  peculiarities.  Very  few  of  the  characters  wliich  usually 
distinguish  a  breed  of  domestic  animals  have  the  slightest  phys- 
iological value  to  the  species.  Each  of  them  would  disappear 
in  a  few  generations  of  crossing,  and  in  each  race  prized  by  the 
breeder  the  actual  virtues  exist  wholly  independently  of  those 
race  marks. 

Analogous  to  the  race  jx^culiarities  of  <lomestic  aniniuls 
are  the  minor  traits  among  the  men  of  <lifTerent  n*gions.  Crr- 
tain  gradual  changes  in  siK'och  are  due  to  adaptation,  thr  fitness 
of  the  word  for  its  purpose,  analogous  to  natural  sehM'tion. 
The  nonadaptive  matters  of  dialect  find  tlieir  origin  in  the 
exigencies  of  isolation,  while  languages  in  general  are  ex- 
plainable by  the  combincnl  facts  of  migration,  isolation,  and 
the  adaptation  of  words  for  the  direct  uses  of  s|HH»ch. 

In  the  animal  kingdom  generally  we  may  say  thereforr: 
Whenever  a  barrier  is  to  some  extent  traversable,  the  forms 
se|)aratiHi  by  it  are  likely  to  cross  from  on(»  side  to  thr  othrr. 
thus  producing  intergradations,  or  forms  more  or  l(>ss  inter- 
mediate l)etW(H'n  the  one  and  the  other.  For  t'vory  subsiH'cirs. 
where  the  nature  of  the  variaticm  has  Im^^'u  carefullv  stu<li(^l. 
there  is  always  a  geographical  basis.  This  basis  is  defined 
by  the  pn»S4»nce  of  some  sort  of  physical  barrier.  It  is  ex- 
tremely rare  to  find  two  sul>s|M'ci(*s  inhabiting  or  bn^iMliii^  in 
exactly  the  same  region.  When  such  ap|K'ars  to  U*  the  ease. 
there  is  reallv  some  difference  in  habit  or  in  habitat:  the  one 
form  lives  on  the  hills,  the  other  in  the  vaHeys;  the  one  fee<ls 
on  one  plant,  the  other  on  another;  the  one  liv<'s  in  «leep  watiT. 
the  other  along  the  shore.  There  can  In'  no  )M>ssib|e  doubt  that 
sul)s|N'eies  are  njuseent  s|H'ci«»s,  and  that  the  ae<'ideiit  of  inter- 
gradation  in  the  one  cttse  anil  not  in  the  other  implies  no  real 
diflTerenee  in  origins. 

For  a  final  example,  we  may  eompare  the  sjM'eiesof  Ameri- 
can orioh-s  <*onstituting  the  g«'ims  Irttru>i.  We  may  omit  from 
considtTat ion  the  various  snbsfMM'ies.  s(*t  o(T  l>y  the  mountain 
chains.  an<l  the  usual  assemblage  of  insular  forms,  one  in 
<»ttch  of  the  West  hulies.  ami  confine  f>ur  atti'Utioii  to  the 
leading  sjK'cies  as  repn'senti'*!  in  the  I'niteil  Stales.  (S(»e 
frontispiece.) 
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The  orchard  oriole,  Icterus  apuriuSy  has  the  head,  back,  and 
tail  all  black,  the  lower  parts  chestnut,  and  the  body  relatively 
small,  as  shown  by  the  average  measurements  of  different 
parts.  In  the  hooded  oriole.  Icterus  cxucxdUUus,  the  head  is  all 
golden  orange  except  the  throat,  which  is  black,  the  tail  is 
black,  and  the  wings  are  black  and  white.  This  species,  with 
its  subspecies,  ranges  through  southern  California  and  Arizona, 
and  over  much  of  Mexico.  Our  other  orioles  have  the  tail  black 
and  orange.  In  the  common  Baltimore  oriole.  Icterus  galbtila, 
of  the  east,  the  head  is  all  black  and  the  under  parts  orange. 
In  the  ocjually  common  Bullock  oriole,  Icterus  buUockif  of  the 
California  region,  the  head  is  yellow  on  each  side,  the  belly 
rather  yellow  than  orange.  The  females  of  all  the  species  are 
plain  olivaceous,  the  color  and  proportions  of  parts  varying 
with  the  difTerent  si)ecios,  while  in  the  males  of  each  of  the 
many  spccic^s  black,  white,  yellow,  orange,  and  chestnut  are 
variously  and  tastefully  arranged.  Piich  species  again  has  a 
song  of  its  own,  and  each  its  own  way  of  weaving  its  hanging 
nest. 

That  which  interests  us  now  is  that  not  one  of  these  varied 
traits  is  clearly  related  to  any  principle  of  utility.  Adaptation 
is  evident  enough,  but  each  species  is  as  well  fitted  for  its  life 
as  any  other,  and  no  transposition  or  change  of  the  distinctive 
specific  characters  or  any  set  of  them  would  in  any  conceivable 
degree  reduce  this  adaptation.  No  one  can  say  that  any  one 
of  the  actual  distinctive  characters  or  anv  combination  of 
them  enables  their  i)ossessors  to  survive  in  larger  numbers 
than  would  otherwise  be  the  case.  One  or  two  of  these  traits, 
as  objects  of  sexual  selection  or  as  recognition  marks,  have  a 
hypothetical  value,  ])ut  their  utility  in  these  regards  is  slight 
or  uncertain.  Naturalists  now  look  with  doubt  on  sexual 
selection  as  a  factor  in  the  evolution  of  ornamental  structures, 
and  the  psychological  reality  of  recognition  marks  is  yet  un- 
proved, though  not  im|K>ssible.  It  may  l>e  noted  in  passing, 
that  the  prevalent  dull  yellowish  and  olivaceous  hues  of  the 
female  orioles  of  all  s|)ecies  seem  to  be  clearly  of  the  nature 
of  protective  coloration. 

It  has  been  shown  statistically  that  certain  specific  charac- 
ters among  insects  have  no  relation  to  the  process  of  selection. 
Among  hon(»y  l)ees  the  variation  in  venation  of  the  wings 
and  in  the  number  and  character  of  the  wing  hooks  is  just  as 
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great  among  the  bees  which  first  come  from  their  celh  as  in  a 
series  of  individuals  long  exposed  to  the  struggle  for  existence. 

Among  ladybird  beetles  of  a  certain  species  (Hippodamia 
eanvergens),  eighty-four  different  easily  describable  "aberra- 
tions" or  variations  in  the  number  and  arrangement  of  the 
black  spots  on  the  wing  covers  have  been  traced.  Thc>se 
vari|ktions  are  again  just  as  numerous  in  individuals  ex|X)8od 
to  the  struggle  for  life  as  in  those  just  escaiKxl  from  the  pu])al 
state.  In  these  characters,  there  is,  therefore,  no  rigorous 
choice  due  to  natural  selection.  Such  s|x^cific  characters, 
without  individual  utility,  may  be  classed  as  indifferent ,  so 
far  as  natural  selection  is  concerned,  and  the  great  mass  of 
specific  characters  actually  used  in  systematic  classification  are 
thus  indifferent. 

And  what  is  true  in  the  case  of  the  orioles  and  the  hidv- 
iHrds  is  true  as  a  broad  proixwition  of  the  relateil  sfKrcies  wliirli 
eonstitute  any  one  of  the  genera  of  animals  or  plants.  All 
that  survive  are  sufficiently  fitted  to  live,  each  individual,  and 
therefore,  each  si)ecies,  matcheil  to  its  surnnimlings  :is  tlio  don^li 
is  to  the  pan,  or  the  river  to  its  ImhI,  but  all  adaptation  \y\ufi  :i|»- 
parently  within  a  range  of  the  greati^st  variety  in  non<*ss<*ntials. 
Adaptation  is  presumably  the  work  of  natural  srlrrtion;  tht* 
division  of  forms  into  siK'cies  is  the  result  of  existtMirc  under 
new  and  diverse  conditions. 


CHAPTER  IX 
VARIATION  AND   MUTATION 

It  becomes  imperative  that  we  should  carry  out  the  most  exact 
research  possible  by  means  of  ex|)eri merit  ami  also  wean  ours<»lves  of 
the  convenient,  but,  as  it  se(»ms  to  me,  highly  pernicious  habit  of  theo- 
retical explanations  from  general  propositions.  Otherwise  there  is 
pn*at  danger  that  the  bright  exin^ctation  which  Darwin  has  o|)ened  out 
to  us  by  his  theory  may  Im»  bafHed — the  pros|HM't  of  gradually  bringing 
even  organic  Ik'ing  within  reach  of  that  metluni  of  in(|uiry  which 
seeks  to  discern  mechanical  efficient  causes.— Semper. 

Thts  far  in  our  discussicm  of  evolution  factors  and  theories 
we  have  tak(»n  for  grantcni  the  actuality  of  the  two  fundamental 
factors,  variation  and  hen^dity.  No  one  disputes  their  reality; 
nor  does  anyone*  dc^ny  their  fundann^ntal  and  indispensable 
character  in  relation  to  the  origin  of  s|)ecies  and  the  evolution 
of  organisms.  All  the  th(M)ries  to  explain  evolution  build  on 
these  two  l)jisi(!  factors  or  vital  conditions.  The  subjects  of 
doubt  or  d(»nial  an*  such  |H)stulat(Hl  factors  as  seh^ction,  muta- 
tion, orthogenetic  progn\ss,  (»tc.;  variation  and  hercHlity  never. 

But  the  character,  the  influence,  the  regularity  or  irregu- 
laritv  of  variations,  th(Mr  Ix^havior  in  hereilitv,  whether  trans- 
missible  or  not,  whether  accjuired  or  congenital,  whether  deter- 
minate or  indeterminate,  etc. — these  are  the  problems  that  the 
factor  variation  or  varial)ility  presents  to  biologists.  Heredity, 
too,  has  its  j)roblems.  These  we  shall  take  up  in  another 
chapter. 

That  variations  exist  is  too  obvious  to  everyone  to  need  any 
discussion.  Any  litter  of  kittens  or  puppies,  of  mice  or  pigs, 
shows  us  the  differenc(»s  in  pattern,  shaj^e,  and  physiology  of  in- 
dividuals born  at  one  time  and  of  the  same  parents.  In  wild 
nature  the  variations  among  brothers  and  sisters  are  no  less  real 
than  among  these  domesticateil  animals. 
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Collect  a  few  thousand  individuals,  at  one  time  in  one  place, 
of  a  single  species  of  insect,  as  a  spotted  ladybird  beetle;  then 
go  over  these  carefully,  looking  for  variation  in  some  single 
characteristic,  as  the  color  pattern.    What  do  you  find?    Let  us 


Flo.  72.—  IHacnni  whtmiiix  variaticm  in  rlytral  patlrrTt  uf  tlM>  ronverRrnt  Iftdybird. 
Hipiiminmui  ctrnt-rrurn*:   1.  MimIp;  2  9.  variatMiiin  in  sisr  «tf  i«tM»tN:   lU  17,  vmriationii 
liy  n«Jn«enrr  «if  rptttm:  18  40,  wiatiou*  by  reUuctiuu  in  uuiuber  uf  npuln.     (Alter 
KcUufS  umJ  Ball.) 
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answer  by  calling  attention  to  Figs.  72,  73,  and  74  and  what 
these   variations    signify.     Note  also    Fig.  75,  showing  the 


Fia.  73. — Diagram  ahowinc  varuttioiiB  in  elytral  pattern  of  convergent  ladybirdt 
Hippotinmia  convtrgtriM:  1-5,  Variationa  by  different  reduction  in  number  of  apota 
in  the  twu  elytra;  6-9.  variations  by  conditions  of  spots.     (After  Kellocg  And  BeU.) 


B 


°^ 


variation  in  olytral  blotching  to  be  found  in  a  series  of  individ- 
uals of  the  California  flower  beetle,  Diabrotica  soror;  see  also 
Fig.  7(),  showing  the  vari- 
ations in  the  black  and 
yellow  color  pattern  of  the 
alxlomen  of  tlie  common 
yellow  jacket  (Vespa  sp.); 
and  Fig.  77  showing  the 
variation  in  the  pattern  of 
the  prothorax  in  a  series  of 
178  individuals  of  a  common 
Californian  flower  bug,  all 
these  indiviiluals  collected 
at  one  time  l)y  sweeping  a 
net  over  a  few  rods  of  alfalfa 
and  Barcfuin's  on  the  campus 
of  Stanford  University. 

These  are  all   color  and 
pattern   variations;  but  in- 
sects show  variations  in  structural  parts  as  well.     Fig.  78  shows 
a  common  rt^i-legged  locust  and  one  of  its  hind  tibise  enlarged 
10 
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Fio.  74. — Diagram  showinc  Tariationa  in 
prothoraeic  pattern  of  the  eonvercent 
latlybird.  Hippodamia  honrergeiu.  (After 
KelloKg  and  Rell.) 
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Fko.  76. — DiasniB  iliowiiic  TariAtions  in  eljrtnl  pAttem  of  the  GAlifumU 
flowor  beeOa.  Diabnti€a  toror.     (After  KeUoa  and  HeU.) 


to  show  the  spines.     In  eighty-nine  individuals  of  tliis  siN'cic's 
of  locust  collected  at  Ithaca,  N.  Y.,  the  numlNT  of  spirK^s  in  the 

outer  row  of  the  right  tibia* 
varies  from  nine  to  fifteen. 
in  the  inner  row  from  t»h»ven 
to  sixteen.  One  not  given  to 
the  systematic  study  of  ins<»rts 
may  think  spines  on  tlie  liind 
legs  very  trivial  struetunv  in- 
deed; but  the  entom<»logist, 
using  exaetly  sueh  rharaet  er- 
istics as  the  numlKT  of  these 
stnictures  as  a  means  in  hei|)- 
ing  him  to  di.^tinguish  anil 
define  his  species,  knows  how 
consideral>h'  this  variation 
realiv  is. 

The  dog-<lays  cicada  (Fig. 

79)  also  has  spines  on  its  hind 

tibia\  but  onlv  a  ft»w,  usuallv, 

inde<Hl.two.    Hut  in  any  .^iTies 

of  individuals  of  this  insect  some  individuals  will  Ih*  found  with 

but  a  single  spine,  some  with  three,  and  a  few  with  four  even. 

although  the  very  great  majority  will  have  two.    For  example, 


Fko.  76. — DiMCmn  ahowinff  TBiintioB  in 
pnttem  in  the  yellow  jarket.  Vtmpa  gtr* 
wmnita.     (After  Kelkifg  and  Bell.) 
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in  a  series  of  08  male  individuals  collected  at  Indianapolis,  In- 
diana, at  one  time,  12  individuals  had  one  spine  in  the  outer  row 
of  the  right  tibial  8^}  had  two  spines,  2  had  three  spines,  and  one 
had  four  spines.  In  the  outer  row  of  the  left  tibiic  of  the  same 
individuals,  there  were  three  spines  in  6  individuals,  two  in  75, 
and  one  in  17.    In  the  inner  rows  of  tibial  spines  in  these  same 
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o 


<^'^'W 


FiQ,  77. — Diacrmm  showing  vmriation  in  pattern  of  the  prothonx  of  a 

(After  KeUoa  and  BeU.) 


individuals  there  were  in  the  right  tibia?,  five  spines  in  5,  four 
spines  in  4(),  three  spines  in  43,  two  spines  in  9,  and  one  spine  in 
1  individual:  in  the  left  tibia*,  five  spines  in  2  individuals,  four 
spines  in  4S,  three  spines  in  39,  and  two  spines  in  8. 

In  tlie  pa|)er  from  which  we  have  taken  these  illustrations 
of  the  actuality  of  variation,  studied  and  statistically  tabulated, 
are  given  the  <lata  showing  the  actual  extent  and  frequency  of 
variations  in  various  characters,  such  as  color  patterns  of  head, 
thorax,  and  alxiomen,  character  of  antennal  segments,  number 
of  tibial  spines,  character  of  elytral  striation,  character  of  vena- 
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tion,  number  of  wing  hooks,  etc.,  in  two  dozen  different  insect 
species.  Long  ago  Dr.  J.  A.  Allen,  of  the  American  Museum  of 
Natural  Histoiy,  gave  similar  data  of  the  actual  variation  in 


Vta.  Ti.— ] 


lUd  leinJ    loeiMi.    Mdanophu  Flo.  70. — The  wermtmai-y^mr  tocunt.  Cieaiia 

iM,  and   bind  tibi*.  ■hovinc  •rplcntfartm.  and  iU  hind  tibia,  iihnwiiuc 

outer  rows  of  iiniieB.     (After  inner  and  outer  ■pines.     (After  KeUfiiac 

BeU.)  and  BeU.) 


various  familiar  American  bird  species,  his  data  rcforrii)g 
chiefly  to  variations  in  dimensions;  as  length  of  whole  body, 
length  of  tail,  of  wing,  of  bill,  of  tarsus  and  claw,  etc. 

CARDfN^S  mGIMANUS    Si  specimens.  HoridQ. 


AV 


LngthofBH. 

— 


•^•v    .V. 


Fta.  80. — Diagram  ahowinc  variation  in  lencth  of  tail.  hcHly.  and  wtnc  in  tifty-eicht 
■pacimens  «if  the  cardinal,  Cardimaiia  (formerly  called  ii>vifii<int<«).  fr<ini  Flnmla. 
(After  Allen.) 

And  anyone  with  means  of  collecting  con.^idcrahU^  .^rri<»s  of 
individuals  of  single  species  can,  if  he  but  give  t)ir  tiino  and 
studv  to  it,  reveal  similar  variations  in  almost  anv  part  or 
characteristic  of  any  species  or  kind  of  plant  or  animal.     '*  What 
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parts  vary?"  some  one  asks.     All  parts  vary,  but  some  more 

than  others. 

Darwin,  in  Chapter  V  of  his  "Origin  of  Species,"  postulated 

certain  so-called  laws  of  variability,  which  attempt  to  answer 

this  question,  "What  parts  vary?"    These  so-called   "laws" 

which  to-day  would  hardly 

^  ^  VARIATION  OF 

ICTERUS  BALTIM0RE.20.e 

Tall.       #  9 

#4   #••  • 


be  dignified  with  the  name 
of  law,  are  summed  up  by 
Darwin  at  the  end  of  this 
chapter  as  follows: 


wing. 

.p..... 


Tatsus. 


"Our  ignorance  of  the  laws 
of  variation  is  profound.  Not 
in  one  cose  out  of  a  hundred 
can  we  pretend  to  assign  any 
reason  why  this  or  that  part 
has  varied.  But  whenever  we 
liave  the  means  of  instituting 
a  comparison,  the  same  laws 
ap])ear  to  have  acted  in  pro- 
ducing the  lesser  differences 
between  varieties  of  the  same 
species,  and  the  greater  differ- 
ences b(»tween  si>ecies  of  the 
same  genus.  Changed  condi- 
tions generally  induce  mere 
fluctuating  variability,  but 
sometimes  they  ('aus(»  direct 
and  definite  efTeets;  and  these 
may  become  strongly  marked 
in  the  course  of  time,  though 
we  have  not  sufficient  evidence 
on  this  head.  Habit  in  pro- 
ducing constitutional  |>eculiarities,  and  use  in  strengthening,  and 
disuse  in  weakening  and  diminishing  organs,  apt)ear  in  many  cases 
to  have  been  potent  in  their  effects.  Homologous  parts  tend  to 
vary  in  the  same  manner,  and  homologous  parts  tend  to  cohere. 
Modifications  in  hard  parts  and  in  external  parts  sometimes  affect 
softer  and  internal  parts.  WTien  one  part  is  largely  developed,  perhaps 
it  tends  to  draw  nourishment  from  the  adjoining  parts;  and  every  part 
of  the  structure  which  can  be  saved  without  detriment  will  be  saved. 


BtllM.eti^. 
Bill,ymh. 


Fia.  81. — Diagram  ahowinc  variation  in  di- 
menaiona  in  twenty  nude  upeciroens  of  the 
Baltimorf  oriole,  ItieruM  galbula  (fonneiiy 
calle<l  baltimcre).     (After  Allen.) 
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Changes  of  structure  at  an  early  age  may  affect  parts  subsequently 
developed;  and  many  cases  of  correlated  variation,  the  nature  of  which 
we  are  unable  to  imderstand,  undoubtedly  occur.  Multiple  parts  are 
variable  in  number  and  in  structure,  perhaps  arising  from  such  parts 
not  having  been  closely  specialized  for  any  particular  function,  so  that 
their  modifications  have  not  been  closely  checked  by  natural  selection. 
It  follows,  probably  from  this  same  cause,  that  organic  beings  low  in 
the  scale  are  more  variable  than  those  standing  higher  in  the  scale,  and 
which  have  their  whole  organization  more  specialized.  Rudimentary 
organs,  from  being  useless,  are  not  regulated  by  natural  selection,  and 
hence  are  variable.  Specific  characters — that  is,  the  characters  which 
have  come  to  differ  sin(!e  the  several  8i)ecies  of  the  same  genus  branched 
off  from  a  common  parent — are  more  variable  than  generic  characters, 
or  those  which  have  long  been  inherited,  and  have  not  differed  within 
this  same  period.  In  these  remarks  we  have  referred  to  special  parts 
or  organs  being  still  variable,  because  they  have  recently  varied  and 
thus  come  to  differ;  but  we  have  also  seen  .  .  .  that  the  same  prin- 
ciple applies  to  the  whole  individual;  for  in  a  district  where  many 
species  of  a  genus  are  found — that  is,  where  there  has  Ikmmi  much  former 
variation  and  differentiation,  or  where  the  manufactory  of  new  spe- 
cific forms  has  been  actively  at  work — in  that  district  and  among 
these  species  we  now  find,  on  an  average,  most  varieties.  Secondary 
sexual  characters  are  highly  variable,  and  such  characters  differ  much 
in  the  species  of  the  same  group.  Variability  in  the  same  parts  of  the 
organization  has  generally  been  taken  advantage  of  in  gi\nng  secondary 
sexual  differences  to  the  two  sexes  of  the  same  sj)ecies,  and  specific 
differences  to  the  several  species  of  the  same  genus.  An}^  j^art  or  organ 
developed  to  an  extraordinary  size  or  in  an  extraordinary  manner,  in 
comparison  with  the  same  part  or  organ  in  the  allied  species,  must  have 
gone  through  an  extraordinary  amount  of  modification  since  the  genus 
arose;  and  thus  we  can  understand  why  it  should  often  still  be  variable 
in  a  much  higher  degree  than  other  parts;  for  variation  is  a  long-con- 
tinued and  slow  process,  and  natural  selection  will  in  such  cases  not  as 
yet  have  had  time  to  overcome  the  tendency  to  further  variability  and 
to  reversion  to  a  less  modified  state.  Hut  when  a  species  with  an  ex- 
traordinarily develoj^ed  organ  has  l)ecome  the  ])arent  of  many  modified 
descendants — which  in  our  view  must  Ix*  a  very  slow  j)rocess,  rociuiring 
a  long  lapse  of  time — in  this  case,  natural  selection  has  succe(»ded  in 
giving  a  fixed  character  to  the  organ,  in  however  extraordinary  a 
manner  it  may  have  been  develoi)ed.  Species  inheriting  nearly  the 
same  constitution  from  a  common  parent,  and  exi)osed  to  similar 
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Via.  82. — Diagram  xhowing  variations  in  dimensions  of  lizards.     (After  Wallaoe.) 

influences,  naturally  tend  to  present  analogous  variations,  or  these 
same  species  may  oc<!asionaIly  revert  to  some  of  the  characters  of  their 
ancient  progenitors.  Although  new  and  important  modifications  may 
not  arise  from  reversion  and  analogous  variation,  such  modificationa 
wnll  add  to  the  beautiful  and  harmonious  diversity  of  nature. 


1« 
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"  Whatevor  the  cauw  nuy  be  oT  each  slight  difTorence  between  Ihe 
o&qiriiig  And  thdr  paraits — and  ft  csuae  for  each  must  exist — we  hkve 
rwnn  to  believe  that  it  is  the  iteuly  accumulation  of  beneficial  difler- 
enoea  irtuch  has  ^ven  riae  to  all  the  more  important  modificaUooB  oT 
n  relatioD  to  the  habits  of  each  qwoea." 


Hodern  investigation  of  variation,  which  includes  at  least  two 
phwea  of  study  that  have  been  developed  since  ])am-in's  tinip, 
namely  the  statiatical  and  quantitative,  and  the  pxpcrimpntul 
study  of  variation,  has  been 
able  to  add  much  infommlion 
about  the  mode  and  the 
character  of  variationx,  and 
has  efTectod  a  sort  of  cUuwifi' 
cation  of  them  which  h<-l|w  ut 
onco  to  express  and  to  clarify 
and  on^nisc  our  knowlolKo 
of  variubihty.  But  it  hiiH 
added  m  yet  no  RTCiH  fitndu- 
metital  ge»f'ruh»ktic»iK  roully 
worthy  to  K-  cbHihI  Ihwm, 

UnegrnomliKAtion  tlii-reis. 
perhajM,  of  applicHlion  und 
value  fur  rearhing  onoiiKh  tn 
be  railed  law  (nit  hough  it  U|)- 
plies  to  only  a  slnKlc  riitogory 
of  variation,  but  a  lurgo  one), 
and  that  is  the  law  formulated 
in  1S46  ((en  yean*  Wfon-  Dar- 
win's "Origin  of  Specif's ") , 
by  the  Belgian  anthmiMilogist , 
Quetelel,  on  (he  Iku^J!*  of  I  lie 
examination  of  the  ht'if;ht  :ind 


(AlUr  Danopurl.} 


chest  measurements  of  soldiers.  As  i(  Hpiilics  orilv  lo  whnt 
are  variously  called  fluctuating,  individual,  rontinuous,  or  i>nr- 
winian  variations,  we  may  note  before  stating  tlic  law  tlieitir- 
rent  mo<le  of  classifying  the  variations  whirh  ocrur  in  planlH 
and  aniniulx. 

Variations  may  Ik-  either  congenital  or  acfiiiinil:  thiit  Is. 
may  he  such  as  arc  ap|>aren(ly  determined  in  the  organism  ;it 
conception,  or  such  as  arc  imimsed  on  it  <hiring  its  d<-velo|>ment 
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by  tlie  influence  of  extrinsic  factors.  Or  variations  may  be  di- 
vided into  determinate  and  indeterminate;  that  is,  those  (if  there 
really  are  such)  which  are  apparently  controlled  by  some,  to  us 
unknown,  influences  and  are  by  these  influences  confined  to  cer- 
tain definite  lines  or  directions  of  change;  and, on  the  other  hand, 
those  which  are  apparently  wholly  accidental,  or  rather  which 
may  represent  any  conceivably  possible  line  or  kind  of  change. 
Finally,  variations  may  be  distinguished  as  to  their  general 
character  as  discontinuous  and  continuous ;  that  is,  variations  oc- 
curring irregularly,  mostly  large  and  comparatively  rarely,  and 
small,  abundant  variations  occurring  in  graded  series.  Among 
the  former  are  to  be  ranked  the  occasional  sports  and  monsters 
familiar  to  all  breeders;  while  in  the  latter,  Darwin  believed  him- 
self to  have  at  hand  the  necessary  ever-present  materials  to 
serve  natural  selection  as  a  basis  for  species  transformation. 
Hence  the  slight  but  abundant  and  ever-present  fluctuating 
continuous  variations  are  often  called  "  Darwinian  variations." 

Now  the  law  of  Quetelet  applies  solely  to  the  Darwinian 
variations.  The  law  is,  that  these  variations  occur  according 
to  the  law  of  probabilities  (or  law  of  error):  that  is,  that  the 
slightest  variations  away  from  the  modal  or  average  type  will 
be  the  most  abundant,  and  that  the  numl>er  of  varying  individ- 
uals will  be  progressively  less  the  farther  away  from  the  modal 
tyi)e  the  variations  of  these  individuals  are.  That  is,  if  the  vari- 
aHons  in  some  characteristic  of  a  species  be  determined  for,  say, 
10,000  individuals  of  the  si)eries,  and  tabulated,  and  a  curve 
erected  to  express  graphically  the  facts  of  this  variability,  this 
curve  will  practically  coincide  with  that  one  which  would  simi- 
larly express  the  variation,  if  the  variation  actually  occurred 
according  to  tlie  mathematical  law  of  the  frequency  of  error; 
this  theoretical  curve  being  obtained  by  the  formula  deduced 
originally  by  Gauss  at  tlic  beginning  of  the  last  century.  Fig. 
83  shows  graphically  how  certain  studied  cases  of  continuous 
variation  reveal  the  condition  expressed  by  Quetelet 's  law. 

As  compared  with  discontinuous  and  si)ort  variation,  con- 
tinuous variation  is  by  great  odds  the  more  common.  Bateson, 
an  p]nglish  student  of  variations,  has  attempted  to  show  that 
discontinuous  variations  are  more  common  than  is  generally 
believed,  and  has  filled  a  large  volume  with  accounts  and  illus- 
trations of  such  alleged  variations.  Hut  it  has  been  proved 
that  many  of  these  arc  cases  of  teratogenic  regeneration,  or  ab- 
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normal  restoration  of  injured  parts.  Others,  too,  are  of  a  char- 
acter which,  to  many  people,  will  not  seem  to  be  discontinuous 
at  all,  but  continuous.  For  example,  differences  in  number  of 
antennal  or  tarsal  segments  in  insects  are  called  by  Batcson 
cases  of  discontinuous  variation  if  the  differences  are  only  by 
one  segment.  But  as  the  differences  cannot  well  be  less  than  a 
whole  segment,  variations  in  number  of  segments,  if  represented 
by  all  the  successive  numbers  between  the  lowest  and  highest 
number  of  segments  observed,  may  fairly  be  called  continuous: 
that  is,  strictly  gradatory. 

It  may  be  of  interest  to  note,  for  the  purfxises  of  explaining; 
by  concrete  examples  the  various  phases  or  categories  of  varia- 
tion already  named,  some  specific  examples  exemplifying  ea<*h 
category.  The  following  are  taken  from  a  |>a|HT  on  variation  in 
insects,  which  records  a  numl)er  of  statistical  studies  of  varia- 
bility made  by  the  junior  author  of  this  IxNik  and  Mrs.  l^'ll- 
Smith. 

To  distinguish  alwolutely  betwc»en  aniuinni  variation  and 
congenital  (or  blastogenir)  variation  is  a  matter  which  ran  Ik* 
done  in  but  «*omi)arativ(»ly  few  castas.  Whether  a  variation  Ih» 
congenital  or  whether  it  Ix;  anpiired  during  the  developnuMit  or 
life-time  of  the  individual  showing  it,  this  variation  cannot  1k' 
recognized  until  after  a  considerable  |)art  of  the  devclopnuMit 
has  been  un<iergone;  if  it  is  a  variation  in  an  adult  structure  or 
function,  all  of  the  development  nnist  have  Immmi  completed. 
The  variati(m  is  ap|»an*nt  only  after  it  is  unfoldcMl:  only  aft<T 
the  part  it  appears  in  h^is  reached  its  definite  stage  of  conipl(*t<Hl 
growth  and  development. 

Now,  who  is  to  say  whether  this  variation  was  <»r  was  not 
imposed  on  the  indivi<lual  showing  it,  <luring  tliis  loni;  develoiK- 
ment  and  immature  life  as  a  result  of  some  external  InMuence 
brought  to  l)ear  on  the  varying  fuirt  during  the  development? 
We  know  that  such  extrinsic  influenct»s  do  in<Mlify  parts  and 
functions  <luring  individual  development,  and  so  \\v  must  U* 
very  careful  when  we  claim  that  this  or  that  variation  is  con- 
genital and  not  acfpiired.  Yet,  how  all-iin|M)rtant  it  is  to  make 
the  distinction  is  apfiarent  when  we  n'call  the  fact  that  most 
biologists  an»  agreed  that  ac<|uired  characters  (variations)  can- 
not be  inherit(Hl,  so  that  new  s|MH*ies  can  In^  built  up  only  on 
the  basis  of  congenital  characteristics. 

In  the  case  of  iuse<'t  variations,  a  criterion  for  <iistinguishing 
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between  the  congenital  and  acquired  condition  is  at  hand, 
thanks  to  the  unusual  character  of  the  development  of  certain 
specialized  insects,  namely,  all  those  that  undergo  a  complex 
metamorphosis. 

"  Without  by  any  means  exhausting  the  subject  of  the  postembry- 
onic  development  of  insects,  entomologists  have  become  sufficiently 
well  acciuainted  with  the  phenomena  attending  this  development  to  be 
able  to  confirm  absolutely  (in  essential  characters)  Weismann's  dis- 
coveries in  the  larva  of  the  'imaginal  discs'  as  the  independent  embry- 
onic centers  from  which  develop  the  wings,  legs,  antenna?,  and  some 
other  parts  of  the  winged  adults  (imagines)  of  insects  with  complete 
metamorphosis.  That  is  to  say,  in  all  the  insects  which  hatch  from  the 
egg  in  a  larval  condition  markedly  different  from  the  definitive  condi- 
tion of  the  s|)ecies  in  its  fully  develo|x*d,  mature  stage,  many  of  the 
adult  organs,  as  the  external  parts  of  the  head,  and  the  legs  and  wings, 
are  produced  not  by  a  gradual  develojunent,  growth,  and  transforma- 
tion of  the  corresponding  larval  parts,  but  by  a  special  development  in 
late  larval  life  and  during  the  pupal  stage,  the  final  structures  being 
formed  from  small  groups  of  previously  undifferentiated  subembryonic 
cells.  These  cells  are  derived  in  the  case  of  the  external  parts  just 
named  chiefly  from  invaginations  of  the  larval  cellular  skin  layer.  In 
the  larva  (maggot)  of  a  house  fly,  for  example,  there  are  no  functional 
legs  or  ^^nngs:  there  are  no  external  signs  (buds,  pads)  of  these  organs  at 
any  time  in  the  larval  stage. 

*'In  the  larval  life  there  can  be  no  possible  molding  influence  on 
these  future  adult  organs  of  the  nature  of  a  direct  response  or  reaction 
to  the  immediate  environment.  We  might  assume  such  an  influence 
possible  if  the  wings  and  legs  were  slowly  transforming  external  struc- 
tures subject  to  attempts  at  or  actual  functional  us<»  in  flight  or  crawling 
during  the  larval  life.  At  pupation,  the  wings  and  legs  suddenly 
ap|>ear  as  external  parts,  but  still  e(|ually  functionless,  and  now  wholly 
concealed  and  protected  by  the  opaque  chitinized  wall  of  the  puparium. 
With  the  final  issue  of  the  adult,  the  wings  and  legs  ap|)ear  for  the  first 
time  in  functional  condition,  and  with  the  simple  need  of  unfolding, 
expanding,  and  drving  the  outer  wall,  an  operation  re(juiring  but  few 
moments,  they  appear  at  this  time  in  their  definitive  fully  developed 
condition.  The  wings  have  the  arrangement  of  veins  and  numlx?r  of 
spines  and  fringing  hairs;  the  legs  have  the  armature  of  spines  and 
spurs  and  the  numlx>r  of  segments  which  they  retain  unchanged  through 
the  short  or  longer  adult  life.     The  wings  and  legs  of  the  adult  of  all 
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inaerto  with  complete  metamorphomfi — and  the  inRPCiii  of  ihw  ratef(nr>' 
include  all  the  beetles  (Coleoptera),  two-winged  fliefl  (Diptera),  niotlw 
and  butterflies  (Lepidoptera),  ants,  bees,  wasps,  icall  flies  an<l  irh- 
neumona  (Hjnmenoptera),  and  some  other  orders — are  exposed  during 
their  development  to  just  one  type  of  extrinsic  influences,  namely, 
those  of  nutritioni  temperature,  humidity,  etc.  These  influences 
affect  the  whole  body  and  metabolism  of  the  body-developing  insect. 
But  they  have  no  direct  relation  to  specific  parts. 

''An  important  special  environing  condition  of  life,  and  one  ihiii 
certainly  works  direct  and  obvious  influence  on  the  Ixxly  wall  of  certain 
animals,  is  what  nuiy  be  called  the  chronuitic  condition  of  the  cn\nron- 
ment.  Color  and  pattern  adapted  to  the  nce<is  of  pn>t<>ction  or  ag- 
gfUMJon  are  phenomena  familiar  throughout  the  animal  Hcrios.  Most 
of  such  color  and  pattern  conditions,  catalogufni  under  the  liead  of 
protective  resemblance,  mimicry,  warning  colors,  etc.,  are  fixinl  con- 
ditions as  far  as  the  individual  is  conceme<i,  prraunmbly  brought 
about  by  the  age-long  action  of  natural  selection. 

"Not  a  few  animals  diK|)laythe  ca|)abilitioH  of  nehicving  markc<l 
adapti\'e  changes,  i.  e.,  ac(iuire<l  variationH,  <liiriiig  thrir  iiiiinatim*  life 
(postembryonic  development).  Hut  it  is  ol)vious  that  iiiMMMsof  vam- 
plete  metamor])ho8i8,  which  ikwscss  in  adult  stage  a  color  scheme  and 
pattern  wholly  different  from  that  of  the  larva  or  pupa  and  one  whirh 
is  not  apparent  until  it  appears  in  fixed  definitive  condition  on  the 
emerieence  (and  drying)  of  the  imago  from  the  pupal  cut  iele,  cannot  l)e 
coneeiveii  to  show,  in  their  color  |>attcm,  variations  due  to  individual 
adaptive  changes.  That  is,  variations  in  this  <*olor  pattern  among  the 
individuals  of  a  s|>ecies  are  not  aciiuiriMl,  but  an*  strictly  congenital, 
except  in  so  far  as  they  are  producfnl  by  the  giMieral  infliieiin\s  of 
nutrition,  tem|)erature,  etc.,  w<»rking  without  refen*ne(*  in  the  external 
chromatic  conditions  of  the  envin>iinient. 

"E\*en  such  all-|)er>'ading  influences  as  nutrition.  temi)enituns 
humidity,  and  liglit  nuiy  be,  and  in  many  casi^s  obviously  are.  so  nearly 
practically  identical  for  all  the  memliers  of  one  linNMl.  or  evi>n  for  all 
the  individuals  of  the  s|NM*i(*s,  that  they  can  have  littk*  or  no  influenct* 
in  causing  variations.  For  conspicuous  exaniple.  the  mm*  of  the  honey 
bee  mav  be  noted.  Here,  all  the  Iturviv  live  side  hv  side  under  identical 
conditions  (those  of  the  hive)  of  tem|)erature,  humidity,  and  light,  and 
the  distribution  of  exactly  similar  foml  to  them  in  similar  <iuantity  is 
probably  as  nearly  exactly  uniform  as  eould  Ix*  guanint<><Ml  undt*r  our 
most  careful  artificial  ex|H*rimental  conditions.  The  pupa'  an*,  nion*- 
over,  under  identical  conditions  of  temperature,  moisture,  and  light,  so 
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that  when  the  adults  issue,  the  variations  to  be  found  in  any  of  their 
parts  may  with  complete  confidence  be  ascribed  to  prenatal  influences, 
to  intrinsic  causes.  They  are  purely  blastogenic.  Similarly,  the  con- 
ditions of  life  of  the  developing;  individuals  of  all  the  other  social 
insects,  the  termites,  ants,  and  social  wasps,  are  practically  identical. 

"The  variations,  therefore,  in  the  color  pattern  of  Diabrotica  (Fig. 
75),  Hippodamia  (Figs.  72,  73  and  74),  and  Vcspa  (Fig.  76)  (insects 
of  complete  metamoqihosis  with  all  adult  external  structures  never 
ex|>osed  to  outside  conditions  until  in  definite  unchangeable  condition), 
are  congenital  variations.  Of  the  same  nature  are  also  the  structural 
variations  in  the  character  of  the  venation  and  the  number  of  wing 
hooks  in  the  honey  bee  (see  Fig.  94).  But  the  variations  in  the  pat- 
tern of  the  prothorax  of  the  flower  bug  (Fig.  77),  and  in  the  number 
of  spines  on  the  tibia?  of  the  rcd-leggcd  locust  (Fig.  78),  and  the  cicada 
(Fig.  79),  may  be  in  part  acciuircd.  In  these  latter  cases  the  insects, 
not  having  a  complete  metamorphosis,  have  during  their  immature 
life  these  color  and  structural  characters  in  formative  condition,  and 
to  some  extent  in  use.  They  are  therefore  exposed  to  the  continuous 
influence  of  their  enviroimient." 

It  might  be  thought  that  we  could  determine  whether  varia- 
tions are  congenital  or  acquired  in  cases  in  which  we  are  thor- 
oughly accjuainted  with  the  character  of  the  environment  or  ex- 
trinsic influences  which  have  surrounded  the  individuals  during 
their  development.  In  experimental  cases  we  can  control  this 
environment  and  make  it  identical  for  all  of  a  given  lot  of 
individuals,  or  measurably  varying  for  different  lots.  Then 
by  comparison  we  can  determine  what  characteristics  still  vary 
among  those  individuals  ex|)osed  to  identical  environment — 
these  variations  should  be  congenital — and  what  new  kinds  of 
variations  apfx^ar  in  those  individuals  ex|X)sed  to  different  en- 
vironments— these  should  be  acquired  variations.  This  has 
lK*cn  done  experimentally  for  silkworm  moths.  By  varying 
the  food  supply,  etc.,  marked  variations  have  been  produced  in 
the  size  of  larvju  and  moths,  weight  of  silken  cocoons,  duration 
of  larval  stages  (instiirs).  These  variations  arc  manifestly 
acquired,  and  wherever  in  nature  simple  variations  in  dimen- 
sions arc  found  among  individuals  of  a  species,  this  is  due  un- 
doubtedly, to  greater  or  lesser  extent,  to  differing  conditions  of 
nutrition.  But  we  know  well  that  a  practically  identical  food 
supply  given  to  domesticated  animals  or  human  beings  can 
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never  make  all  the  individuals  of  a  single  brood  or  family  of  the 
same  size.  Part  of  the  dimensional  variation  is  due,  therefore, 
to  congenital  causes.  In  a  beehive,  the  condition  of  temper- 
ature, humidity,  and  food  supply  are  practically  identical  for 
all  the  developing  bees,  and  yet  bees  bom  of  eggs  laid  by  a 

single  queen,  reared  at  the  same  time  in 
the  same  hive,  vary  largely  in  such  easily 
determinable  and  important  matters  as 
venation  of  the  wings,  number  of  h<M>ks 
used  in  holding  the  two  wings  of  one  side 
together,  color  |>attern,  etc.  l-ndoubtHlly, 
these  variations  are  strictly  congenital,  hcnrc 
inheritable,  and  therefore  of  a  character  to 
serve  as  a  l>asis  for  s|)ecic*s  change. 

With  regard  to  examples  of  continuous 

and  di8(*ontinuous  variations,  we  take  the 

Pio.84.— iicAdufdevr    following  from  the  paper  on  "Variation  in 

with    one    pnMig    of      InscCtS*': 

hams  markedly  dif- 

fMvnt  from  the utber.  ^       ^      ^t 

(After  BatewNi.)  ">'  <'»i»tinuous  vanatioiis  wc  rvwr  to  {hom* 

variations  mentioiieil  above,  variously  vaWM 
fluctuating,  indi\idiial,  etc.,  which  arc  prrsont  in  any  s(>ri(>s  of  indi- 
viduals of  a  s{MH*ic*8,  and  whirh  rlustor  alxiut  the  nicMhtl  or  most 
abundantly  rcprescMiteil  forms  of  the  s|HM*ie8,  as  would  be  ex]XH.*t<Hl 
from  the  law  of  error  (law  of  probabilities)  dis- 
cussed above. 

"Morgan,  in  'Evolution  and  Adaptation,'  ob- 
jects to  the  use  of  'continuous 'as  a  descriptive 
name  for  these  variations,  on  the  ground  that  the 
word  suggests  jjersistencc  or  continuity  through 
successive  generations.  It  seems  to  us,  however, 
that  the  name  is  an  apt  one,  if  'continuous'  In* 
taken  to  mean  that  tlie  oc(*urring  variations  in 
any  (sufficiently  hurpy)  s(*t  of  indi\iduals  fonn  a 
continuous  neric^,  the  extremes  lieing  connected 
or  immetliately  rmTpng  into  each  other  by  a 
series  of  small  f^^thitory  ste|w.  By  'diM*ontinuouM'  variation,  we 
woukl  mean,  in  contnist  to  f*ontinuous,  such  considerable  ami  radi(*al 
chaniees  as  ha ve  been  variously  calknl  singk^  variations.  siN>rts.sithations, 
mutations,  etc.;  that  is,  variations  which  are  not  memU^rs  of  gradtni 
series  and  do  not  group  themselves  in  orderly  nmnner  about  the  modal 


Fki.  H5.— Turtle  with 
twfi  hr«4ii«.  (Aftrr 
n«t«Min.) 
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Fio.  86.— Chihl  with  mx 
toes  on  each  foot.  (After 
Batenon.) 


8|)ecies  form  according  to  the  law  of  error.  Althouf!:h  often  not  iarge, 
they  are  yet  rarely  so  minute  as  those  cliiTerences  which  distinguish  the 
adjacent  members  in  any  series  of  individuals  arranged  on  a  basis  of 
continuous  or  fluctuating  variation.  Mutations,  according  to  the  usage 
of  de  Vries,  discontinuous  variations  may  or  may  not  be.  Thus,  all 
mutations  might  be  called  discontinuous 
variations,  although  not  all  discontinuous 
variations  are  necessarily  de  Vriesian  muta- 
tions, that  is,  certain  to  breed  true  under 
varying  conditions  of  environment. 

"  As  a  matter  of  fact,  not  all  continuous 
variation  follows  the  law  of  error :  the  curve 
or  polygon  of  frequency  is  not  infrequently 
an  unsymmetrical  one:  'skewness' prevails; 
that  is,  the  highest  part  of  the  curve  may  be 

nearer  one  end,  or  the  curve  may  even  be  bimodal.  But  neverthe- 
less the  'continuity'  of  the  variations  is  uiunistakablc.  In  a  suffi- 
ciently large  series  the  extremes  of  the  range  are  i)erfectly  coimected 
with  the  mode  or  mo<les  and  hence  with  each  other  by  gradatory  steps 
ver>'  small  in  size.  Whatever  the  largeness  of  the  difference  between 
the  extremes,  any  two  adjacent  members  of  the  stories  are  hardly  distin- 
guishable. This  gradual 
kind  of  variation,  in- 
sensible, but  yet  effective 
(as  regards  widely  sepa- 
rated members  of  the 
series),  is  most  typically 
illustrated  in  cases  of 
what  Bateson  calls  'sub- 
stantive' variation,  that 
is,  where  the  varying 
characteristic  is  one  of 
pattern,  of  length,  width, 
or  bulk,  of  the  cur\ing 
of  a  vein  or  leg  or  spine. 
Excellent  examples  of  this 
continuous  substantive  variation  are  presented  by  the  abdominal  and 
face  patterns  of  Vespii  (see  Fig.  70),  and  the  elytral  pattern  of  Z>iVi- 
brotica  (se<»  Hg.  75). 

"Acconling  to  Bateson,  variations  in  number  of  antennal  and 
tarsal  segments,  number  of  spines,  liairs,  or  other  processes,  and  other 


Fia.  87. — Eyestalks  of  a  decapod  dissected  out: 
on  the  right  an  antenna  han  rexenerateil  out  in 
place  of  an  amputated  eye;  opt.,  optic  nerve. 
(After  Herbst.) 
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J  or,  M  called  by  him,  tneristic  varUtiona,  must  be  looked 
oo  as  different  in  kind  from  the  subatantive  varialioiu — thoae  capable 
at  [Mrfect  merpog  from  one  condition  to  another — in  other  words, 
pnctieally  ine^iable  of  quantitative  meaaurementa.  These  meristic 
variationa  ara  called  discontinuous  by  Bateeon.  Typical  examplea  are 
the  variation  in  the  number  of  the  costal  winft  hooka  in  bcca  and  ants, 
the  number  of  tibial  ^nes  in  the  locust  and  cicada,  the  number  of 
c  tactile  haira  in  biting  bird  lice,  etc.  But  when  one  stopa 
r  the  fact  that  in  all  these  cases  variation  could  hardly  on-ur 


Fid.  IH.— Vahatiuniiiit|*ltprnul«ii«<<il/-flviw«fTi^M.     lArin-Clirk.) 

by  any  steps  Wh  than  ihiMe  of  uiu'  li(K>k  or  oiif  Mpiiic  ur  mif  Imir.  tlmt 
a  half  hook  or  halfantennal  spfpnent  is  ini-omvivutili-,  lOTiiiiiH  (imilrfH  us 
to  the  valitlily  or  HMU*iK>ri'M  cbuHirK-alioti  of  viiriationH  um  i-i>iitiiiii(iiiK 
and  diacontiiiuuiiH  will  ivrtaiiily  rmult.  Tlic  itimbt  ih  K(n-iiKtliciiiil 
by  the  difficulty  of  a  clean  clamiriraliuii  pn^>ntfd  by  siK-h  cmm-x  us  thut 
of  Hippodamia  eonvrrgmn  (Kifpt.  72,  7-!  and  74).  Hen-  hv  1iuv(>  it 
nibatantive  variation  in  jMttiTii,  apprariiiK.  howrvrr,  in  Hin'hu  wuy  us 
to  demand  numerical,  i.  e.,  nterifilir,  exiin-Hsinn.  Otw  nfxi-itni-ii  Ims 
nine  elytral  s|Ki|jt,  another  t«-ii,  anuth<T  oli-vcn,  nml  m>  oii-.  tlu'  wlmk- 
range  iH  ill (1ml  fntm  iwufElit  tncif!ht<t-n,  wilhrvt-ry  inimlHT  lietwti-n 
representf«l,  each  by  various  roinlHnntioiuiof  H|Hit!<. 

"But  it  in  ciinceivaltle,  ami  inilt^Hl  is  n-silly  llu-  ritsi-  tiiiiont!  >»ir 
■peoinienM,  that  tlu'w  HiHitx  iniiclit  Ix*  nthcr  of  niirniiil  sizi-,  ur  iif  iiiiy 
lesaer  tiw  down  tn  (Ih-  limits  of  vt><il»li(y.  Sonii-  of  tin-  s)hi1s  :tn-  of 
the  Uiantcter  of  jiiii  |H»iitH.  mmv  of  llie  pin  itlcirt.  ami  .■uunc  of  pin 
heada.    There  is  perfect  fradation  and  (.-oiilinuiiy  in  ttii«  variatiwn. 
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And  even  in  such  cases  as  variations  in  B)>ines  and  haira,  this  gradation 
nd^t  exist:  and  indeed  it  does.  Although  in  our  consideration  of  the 
variation  in  the  number  of  the  tibial  spines  of  the  locust  and  cicada 
and  in  the  number  of  the  tactile  hura  of  the  bird  lice,  we  have  referred 
to  these  variations  only  numerically,  i.  e.,  meristically,  as  a  matter  of 
fact  there  are  obvious  differences  in  the  length,  i.  e.,  use,  of  the  spines 
and  hura,  so  that  it  would  be  wholly  fair  to  break  down  the  unit  differ- 
enrrs  and  speak  of  diffHr«nces  by  one  quarter,  olie  third,  and  two  thirds 
of  a  s{)ine.  For  the  tibial  spines  of  the  locust,  we  have  actually  re- 
corded the  conditions  in  the  fonn  of  frac- 
tions. But  in  the  case  of  a  hook  or  an 
aiitjfnnal  or  a  tanwl  segment  it  is  a  unit  or 
nothing. 

"  To  our  mind,  the  distinctiitn  between 
siibslmitive  and  nieristic  variation  is  not 
at  all  ciiuiviik-nt  to  a  distiiiftioii  between 
nintiniiniia  and  dim-nntinuoUR  vanutioii 
It  Ih  a  distinction  l>«(wi>en  two  rat^-gunes 
of  variation  only  in  that  one  category  m- 
I'liidcs  such  louditionB  as  permit  more 
readily  of  pxtrcmcly  slight,  nearly  insensi- 
ble, practii'ally  unmeasurablc  differences, 
OH  thiMC  of  pattern  or  slia[>e  or  extent, 
while  the  other  cat4^gory  includes  partii^ 
iilarly  ronilitions  in  which  any  variation 
must  of  necessity  l>e  fairly  obvious,  and 
iiNUally  capable  of  numerical  expression. 

"  But  we  iM^licve,  nevertheless,  that  variations  really  discontinuous 
occur  among  insects.  For  exani|ile,  the  oeiurrence  of  interpolated, 
wholly  new,  and  complete  cells  (ilet<;rniined  by  the  presenee  of  new 
enws  veins  or  branches  of  longitudliud  veiiia)  in  the  tore  and  hind 
wings  of  drone  honey  bees  (Figs.  93  to  96)  and  the  occurrencv  of 
curious  malformations  of  \-enation  among  drone  bees  must  be  looked 
on  as  sports  or  truly  discontinuous  variations.  The  regular  occurrence 
of  a  four-segmented  foot,  jjcrfectly  complete,  functional  in  those  numer- 
ous specimens  of  cockroach  (Fig.  89),  in  which  natural  regeneration 
has  taken  place,  may  be  looked  on  as  an  example  of  diseotitinuous 
variatioTi.  Although  no  difference  in  tarsal  segments  less  than  that  of 
one  is  conceivable,  it  is  ipiite  colIcei^'able  that  the  foot  with  one  fewer 
than  the  normal  numlier  might  t)e  in  such  condition  that  it  would  be 
C^noualy  a  Rve-segmented  foot  with  one  segment  dropped  out:  in 
11 
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other  wonls,  that  when  compared  with  a  normal  flve-flegmented  foot  it 
would  ap|)ear  to  l)e  a  modification  of  such  a  foot  iKith  some  one  segment 
wanting.  But  that  condition  is  not  at  all  what  appears  after  the  cock- 
roach regenerates  a  foot.  Hie  new  (oot  is  only  very  little,  if  any, 
flhorter  than  the  normal  five-segmented  foot  (see  Fig.  89) :  one  cannot 
say  that  it  is  precisely  this  or  tliat  segment  which  is  lost.  It  is  a  new 
kind  of  foot,  apparently  just  as  capable,  as '  fit/  as  useful  as  the  fi\'e- 
aegmented  kind.  We  have  regularly  occurring,  in  these  cases  of  re- 
generation, the  development  of  an  entirely  changed  organ,  similar  as 
a  whole  to  the  old  one,  but  different  from  it  in  all  its  parts;  this  differ- 
ence not  lieing  one  of  incompleteness,  or  serial  addition  or  subtraction, 
but  the  difTcrencc  of  newness.  It  is  the  regenerative  mutation  of  an 
oipuil'' 

In  five  years  of  exporimontal  roaring  of  the  silkworms  for 
the  sake  of  studying  phenomena  of  here<lity  and  variation,  the 
junior  author  has  l)een  able  to  record  numerous  cases  of  discon- 
tinuous or  8|)ort  variation  such  as  the  al)s<Mice  of  the  usually 
well-develo|xxl  caudal  bom  of  tlie  larva.  in(»lanism  in  larvjp. 
double  C(K*(M>ning  or  al)s<*nce  of  coccnm  in  the  pupal  condition, 
congenital  monstrous  loss  of  a  wliole  wing  in  the  adult,  striking 
aberration  of  the  wing  pattern  in  the  adult,  etc.  Hut  tlie  great 
mass  of  variation  ev(T  pres^^nt  and  readily  observable  anions 
the  scores  of  thousands  of  silkworm  individuals  roannl  and 
carefully  scrutinized  hits  Imh'U  of  the  continuous  (fluctuating  or 
Darwinian)  ty|N*. 

A  R|)ecial  ty|)e  or  kind  of  discontinuous  variation,  that 
exemplificnl  by  the  so-calh^l  de  Vriesian  nuitations.  is  discussi»<l 
at  the  end  of  this  chapter. 

The  matter  of  determinate  variation  is  discusseil  as  follows 
in  the  same  pa|x>r: 

"The  theory  of  determinate  variation  is  IvimmI  on  the  hjiK^thesis 
that  fluctuating  variations  arc  not  in  all  <*a»cs,  nor  nc<'(*HSjirily  in  any 
case,  pun*ly  fortuitous  and  scattering,  but  tluit  U'caus(>  of  some  in- 
trinsic or  extrinsic  influence  they  tend  to  CM'<'ur  along  d(>finitc  or 
determinate  lines.  The  nee<l  for  the  tlieorv  rests  on  the  clainx^d  inad- 
equacy  of  sliglit  fortuitous  variation  in  offering  s«*liM*tion  a  siiflirieiit 
'han<lle'  for  action.  Tlie  greatest  logical  difficulty  with  the  theory  is 
that  none  of  t\w  influenn^s  which  are  knomi  iH  adc<|imtr  to  cause  su<*h 
an  effect  as  that  of  pnMlucing  |N*rHistent  determinate  variati<»ns.  In 
the  case  of  any  develo|Hng  indi\'idual,  detenniimte  variation  can  l« 
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attained  by  controlling  the  environment  (kind  and  (quantity  of  food, 
degree  of  teni|>eratiire,  humidity,  and  light,  etc.),  but  if  such  variations 
(moilifications)  ac(]uired  during  development  arc  not  inherited,  there 
will  be  no  advance,  generation  after  generation,  along  any  line.  There 
will  be  no  cumulative  effect  of  such  detenninate  variation.  The  con- 
stant repetition  of  a  certain  environment  on  generation  after  genera- 
tion of  a  certain  sjjecies  would  of  course  pnniuce  a  (*onstant  re])etition 
of  certain  individual  modifications  (orthoplasy),  but  we  do  not  know  as 
yet  of  any  actual  effect  on  the  sj)ecies  of  such  jHirsistcnt  ontogenic 
variations. 

"  The  uwmI,  however,  for  some  such  factor  in  sj)ecics-forming  as  de- 
terminate variation  is  obvious  and  strongly  felt.  Th(»re  are  (*ert4unly 
few  selectionists  left  who  honestly  bt^lieve  that  the  minute  fluctuating 
variations  in  pattern,  in  siz<»,  in  curve  of  a  vein,  in  length  of  a  hair,  etc., 
have  that  lif(*-and-<lcath  value  which  is  the  soK*  sort  of  value  that  an 
*advantagiM)U«  variation '  nmst  have  to  1h»  a  serviceable  handle  for  the 
action  of  natural  s(»lcction.  As  a  matter  of  fact,  no  systematist  will 
have  escaiH»<i  having  had  it  distinctly  impressed  on  him  that  he  recog- 
nizes differences  in  the  pattern  of  ladybird  Ix^etles,  in  the  number  of 
fin  rays  in  fishes,  in  the  brandling  of  a  V(Mn  in  flies'  wings,  that  no 
enemy,  no  agent  of  natural  selection,  <'an  re<*ognize,  at  least  to  the 
extent  of  pronouncin,;  sentence  of  death  (or  not  pronoun(*ing  it)  on 
its  basis.  And  further,  no  biologist  really  satisfies  himself  with  the 
worn  st^itement:  *  We  must  not  presume  to  judge  the  value  of  these  triv- 
ial, these  microscopic  differences,  for  w^e  do  not  know  all  the  complex 
interrelation  and  interaction  of  the  organism  and  its  environment.' 
We  do  not;  but  we  do  know  for  many  cjis(»s  that  sut'h  differences  are 
not  actually  of  life-andnlcath  s(»lective  value,  and  rt^ason  comjx^ls  us  to 
l)elieve  to  a  moral  certaintv  that  in  other  cas<»s  these  fortuitous  trivi- 
alities  have  similar  lack  of  life-and-<leath  importance. 

*'  Directly  touching  this  j>oint  are  our  data  of  the  variati'Hi  of  series 
of  honey  lx»es  collected  from  free-flying  individuals  after  exposure 
as  adults  to  the  rigors  of  outdoor  life,  as  ccmipared  with  the  variation 
in  the  series  of  lx»es,  adults,  but  collected  just  when  issuing  from  the 
cells  before  lx»ing  exposed  Jis  adults  in  any  way  to  the  external  dangers 
of  li\ing.  Series  of  l)oth  <lrones  and  workers  n^presenting  both  exposed 
and  unexpos<Hl  individimls  Avere  studied.  The  results  of  this  examina- 
tion are,  that  the  variation  among  the  exposed  individuals  is  no  less 
than  tlmt  among  the  unex|K>se<l  indivi<iuals.  This  means  that  these 
various,  mostly  slight,  blast ogenic,  variations  (although  in  such  im- 
IM>rtant  organs  as  the  wings),  wliich  ocTur  among  bees  at  the  time  of 
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Ibt'ir  iitsimiii'e  hh  iicthf,  winjird  crfuturrtt,  hit  not  of  niffii'ii-iit  advaii- 
tAKi;  or  <liiw(lvantARr  tv  tlie  hutiviiliuiU  to  h>a(l  lo  u  wci-iliiif;  out  liy 
(k-Hth  or  sitviiif;  of  Hiich  vwyiiiE  iiKlividiiuU  by  iiniiuHlinlo  wlit-tivu 
ftctiiin.  Wluilcver  the  ripir  bik)  <luii)!i>r  of  tho  outdiHir  Ixi-  life,  these 
vnrintions  Hrom  to  l>r  innufliririit  to  cut  miy  figure  in  llw  |N'rfi»teiire  M 
nonpcnoBteiicc  of  auy  individual  in  the  face  uf  this  ripir. 
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"niien  one  strai^tena  up  after  a  careful  microscoinc  examine 
tion  of  the  |)att«rri  of  Diabrotica  to  determine  its  variation,  one 
w  sure  that  no  other  ononiy  of  thcw  flower  beetles  can  be  conceived 
to  use  «uch  cliiwrinu  nation  an  ours.  Does  the  fly  catcher  swoc^ 
iiiK  from  itH  station  on  fence  poet  or  tree  branch  determine  which 
of  two  h<;avily  flying  Dia- 
hriAicax  Hhall  be  Uh  prry  on 
the  basis  of  'two  middle 
s[M>ta  on  Ipft  elytron  partial- 
ly fuHod'  ill  one  and  'these 
two  s|>ota  not  touchini;'  in 
the  other?  To  our  minds 
the  ehai)(^  in  variation 
tttulUH,  the  diiminance  of  one 
mode  to-day  whi<'h  wa«  the 
KulMiriliimte  miMle  iu  18Ar>, 
i»  not  due  to  the  action  of 
Hclection.  We  do  not  indeed 
hcHitalf  to  l)elieve  in  those 
'iinkiiowTi  factora  of  <■^'olu- 
tiiin '  which  may  pnxlui'e, 
among  other  resulls,  that 
condition  of  afTuira  Itest 
named  'determinate  varia- 
tion.' This  variation  is  not 
necessarily  to  be  conceived 
of  as  purjjoaffiil  or  even 
advantageous  ;  if  by  its 
cumnlation  it  Iiecomes  a 
disadvantage  of  life  -  and  - 
death  value,  natural  selec- 
tion, which  ia  after  all  a 
logical  nccesaily  and  un- 
doubtedly an  actual  actively  regulative  factor 
take  care  of  it." 


-  + 

■ 

W  ""' 



"-'-'  W- 

H          - 

::::::::::: 

3     Si 

-          + 

t      r : :  T    - 1    1-  ■  ■ 

-Tf  —  ■ 

:|j 

:  \i\-  ;;;;; 

H 

±  ■ 

;    J 

Si 

t'{\ 

3i 

ri    j-l 

:  ] 

.     ::::::::■:■ 

A  ^ 

' 

ii 

:  1 

::::   :: ::    ■  ■■ : 

:t^ 

|::: 

:    : 

;;;;  iiii  \\\ 

-| 

. 

:-■:•-: 

:   : 

■    - 

-  -  - 

*:!::      -1; 
«3I3  32 

is 

0   396  <Mt«H4lM5 

(Af In  KeUufi  u 


I  species  control,  will 


In  the  light  of  the  foregoing  discussion  of  the  categories  snd 
cliaraelcrs  of  varialioiis,  it  is  obvious  that  a  well-grounded 
knowledge  of  variability  and  variations,  a  knowledge  based  on 
careful  extensive  statlsttical  and  exj)eriniental  studies,  is  essen- 
tial aa  a  basis  for  any  effective  investigation  uf  the  factors  and 
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processes  involved  in  species-forming,  tliat  ia,  cvohition.  The 
methnils  and  phenomena  of  ovoliition  are  intimately  linked 
with — indeed  throughout  are  biisod  uixm — tlie  methods  and 
phenomena  of  variation.  What  eause-s  variation  is  a  rontril*- 
utory  cause  in  evohition, 
nd  one  of  the  funda- 
lenlai  and  all-imi>ortant 
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causes 
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spring  likely  lo  l>e.  Iletice  hybrii 
unhke  |Kircnts,  even  to  Ihc  <lcgree 
likeness,  is  a  great  rewiurie  of  the  li 
his  hands  large  variation.  HiU  if  the  par<'iits  :ir 
their  mating,  even  if  [xesiLle.  proves  stcrJl<'.  I.-i 
miist  Im' of  Ihc  same  ii|)ccics.  allhoiigh  exjM'rinii'i 
that  consiileraMc  cxtrasjw-cilic  liyliridiKatioii  is  ]H.s~i 
ciiltivulisl  plants  and  animals  the  itrlilicially  s< 
diCTer  very  niueli,  but  these  races  are  mostly  ea- 
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able.     The  nature  and  results  of  fertilization  and  amphimiiia 
are  treatt»d  in  Chapter  XIII. 

But  parthenogenetirally  produced  individuals  (that  is, 
young  born  from  unfertilized  eggs — as  the  honey-bee  drones, 
certain  whole  generations  of  various  gall  flies,  saw  flies,  aphids, 
etc.,  etc.,  regularly  are)  also  vary. 
In  the  case  of  male  bees,  male 
ants,  female  aphids,  etc.,  etc.,  the 
individuals  differ  quite  as  much  as 
do  individuals  of  the  same  species 
of  V)isexual  parentage.  Comparing 
the  variation  in  drone  Ihvs  (par- 
thenogenotically  produced)  as  com- 
pared with  that  of  the  workers 
(from  fertilize<i  vfi^i^),  we  find  that 
this  is  true.  The  organs  examincnl 
for  variation  in  these  sc»ries  of  bc»es  were  the  wings,  organs 
used  by  both  drones  and  workers,  and  having  no  immedi- 
ate relation  either  structurally  or  physiologically  to  the  differ- 
entiation of  those  two  castes  or  kinds  of  individuals  of  the 
honey-bee  species.  The  workers  are  "  incomplete  "  only  in  that 
most  of  them  are  infertile:  in  no  other  structural  or  physiological 
feature  of  their  makeup  are  they  less  "complete"  than  the 
drones.     They  are  indeed  distinctly  the  more  specialized    of 


Fig.  03. — Fore  and  hind  wings 
of  honeybee  (dt one),  Rhowing 
normal  venation.  (After  Kel- 
loicg  and  1^11.) 


Fia.  94. — Part  of  coetal  margin  of  hind  wing  of  honeybee,  much  magnified  to  show 

hoolu.     (After  Kellogg  and  Bell.) 


the  two,  and  according  to  one  of  the  early  Darwinian  canons  of 
variation  might  be  expected  to  differ  more  than  the  drones. 
But  the  drones  are  males  and,  according  to  another  commonly 
accepted  belief,  this  is  the  explanation  for  a  larger  variation  on 
their  part,  if  such  larger  variation  occurs.  As  a  matter  of  fact, 
it  does.  The  drones,  in  all  the  many  series  studied,  show  mark- 
edly more  variation  in  the  venation  of  the  wings  than  do  the 
workers,  while  they  show  quite  as  much  variation  as  the  work- 
ers in  the  numl)er  of  the  hooks  which  hold  the  two  ^nngs  together 
in  flight.  (See  Figs.  93  to  96.)  Ik)th  these  characters,  i.  e., 
wing  venation  and  wing  hooks,  are  not  so-called  "  male  char- 
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acters'':  they  ore  not  to  be  compared  with  those  secondary 
sexual  characters  such  as  ornamental  or  aggressive  spines, 
homsy  patterns,  etc.,  which  are  the  cliaracteristics  that  give 
males  their  special  reputation  for  ultravariation« 


Fta,  0ft. — Von  wings  of  booeybee  (clrooe),  ■howinc  Tsri»tioos  in  Tennttoo. 

(After  KaUon  and  BeU.) 

Finally,  with  regard  to  the  causal  influence  in  variation-pro- 
ducing of  the  ''primary  factors  of  cvohition/'  such  as  teni))er- 
ature,  light,  hunii<iity,  proHsuro,  and  extrinsic  pliysicoclioniiral 
conditions  generally,  sununiHl  up  conunonly  in  tlic  phruM* 
climate  and  environment,  wc  have  one  all-inii><)rtant  considera- 
tion to  keep  constantly 
in  mind.  However  \h>- 
tent  and  obvious  the  ef- 
fects of  th(»s<.»  influen<M*s 
are  on  tlio  individual. 
we  have  no  proof  as 
yet  of  a  nature  to  com- 
pel the  gencTal  accept- 
am*e  of  biologists,  that 
such  effects  can  Ik*  car- 
ried direct Iv  over  to  the 
race  or  s|M»ci<»s. 

Onlv  ten  vears  after 
Darwin  publislKsl  the 
"Origin  of  Sj)eciea,"  von  Kolliker,  the  great  (lernian  z<M")lopisi. 
in  criticising  the  assumptions  on  which  s|H»ci(»s-fornung  by 
natural  selei'tion  was  baMnl  in  the  Darwinian  theory.  ()ro|)os(Mi 
an  alternative  thwiry  of  hetenigenesis  or  s|M»cies-forining  by 
lea|)s  (sidtations  or  mutations).  These  saltations  nei'd  not  of 
necessity  to  \fp  largo,  but  nuist  Ih«  changes  definite  and  fi\4'd. 
I^ter,  Korschinsky,  a  Uussian  botanist,  outlined  in  some  dtv 


Pio,  M. — Hind  wines  of  boneyhee  (drone),  show- 
ing ▼■riali«mii  in  venntiim.  Nnta  the  inter|*<»hi~ 
lion  of  the  oeila.     (After  Kelhicg  and  Bell.) 
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tail  and  with  greater  emphasis  such  a  theory  of  species-form- 
ing by  mutations;  and  finally  in  1901  Hugo  de  Vries^  the 
famous  botanist  of  Amsterdam,  published  in  extenso  the  details 
of  many  years  of  observation  and  experiment  on  the  subject  of 
mutations,  and  reformulated  definitively  a  theory  of  species- 
forming  by  mutational  or  saltational  variation,  the  now  famil- 
iar mutation  theorv. 

The  following  paragraphs  from  Morgan  ("  Kvolution  and 
Adaptation,"  pp.  294-297,  1903)  give  a  concise  statement  of 
the  actual  details  of  the  mutations  in  the  evening  primrose  ob- 
served bv  de  Vrics: 

*'We  may  now  proceed  to  examine  the  evidence  from  which  de 
Vries  has  l)een  led  to  the  general  conclusions  givc»n  in  the  preceding 
j>ages.  l)e  Vries,  found  at  Hilversam,  near  Amsterdam,  a  locality 
where  a  numlx»r  of  plants  of  the  evening  primrose,  CEnothcra  lamarck- 
inna^  grow  in  large  numlx^rs.  This  plant  is  an  Ameri(*an  form  that 
has  l)een  imported  into  Kuroix;.  It  often  es(*a])es  from  cultivation,  as 
is  the  case  at  Hilversam,  where  for  ten  years  it  had  been  growing 
wild.  It.s  rapid  increase  in  numbers  in  the  course  of  a  few  years  may 
be  one  of  the  causes  that  have  led  to  the  api)earance  of  a  mutation  ' 
()eri(Hl.  The  es<'a|)ed  plants  showed  fluctuating  variations  in  nearly 
all  of  their  organs.  They  also  had  pr(Mlu(*ed  a  numlxT  of  abnormal 
fonns.  Some  of  the  plants  came  to  maturity  in  one  year,  others  in 
two,  or  in  rare  cases  in  three,  years. 

"  A  year  after  the  first  finding  of  these  plants  de  Vries  ol)served 
two  well-characterized  forms,  which  he  at  once  recognized  as  new 
elementiiry  sjKJcies.  One  of  these  was  0.  brexnatylU,  which  o<'curred 
only  as  female  plants.  The  other  new  s|)ecies  was  a  smooth-leafed 
form  with  a  more  beautiful  foliage  than  0.  lamarckinna.  This  is  0. 
Upvifolui.  It  was  found  that  both  of  these  new  fonns  bred  true  from 
self-fertiliz<»d  seeds.  At  first  only  a  few  s|)ecimens  were  found,  each 
form  in  a  particular  part  of  the  field,  which  looks  as  though  each  might 
have  come  from  the  seeds  of  a  single  plant. 

"Tliese  two  new  forms,  as  well  as  the  common  0,  lamarckinna, 
were  collected,  and  from  these  plants  there  have  arisen  the  three 
groups  or  families  of  elementary  8i)eci(»s  that  de  Vries  has  studied. 
In  his  garden  other  new  forms  also  arose  from  those  that  had  been 
brought  under  cultivation.  The  largest  group,  and  the  most  inijwr- 
tant  one,  is  that  from  the  original  ().  lamarckinna  f«»rm.  The  a<*com- 
panying  table  shows  the  nmtations  tliat  arose  between  1887  and  ISIKJ 
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from  these  plants.  The  seeds  were  selected  in  each  case  from  self- 
fertilized  pUiiits  of  the  lamarckiana  form,  so  that  the  new  plants  a|>- 
pewring  in  each  horizontal  line  are  the  descendants  in  each  pMieration 
of  lamarckiana  parents.  It  will  be  observed  that  the  S|)ecie8,  O.  (fb- 
longataf  appeared  again  and  again  in  considerable  numbers,  and  the 
same  is  true  for  several  of  the  other  forms  also.  Only  the  two  species, 
0.  gigas  and  O.  scitUillans^  ap|x»ared  very  rarely. 

♦(KNOTHKHA    LAMARC  KIANA 
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"Thus  i\v  \'rirs  had,  in  his  s«»Vfn  Kmcration**,  alMiiit  lifty  thou^md 
plants,  and  alnMit  eight  hundred  of  thcs<'  wtTr  mutatis »h>.  W  lirn  the 
flowers  <»f  the  new  fonns  were  arti!i<'ially  fertiliz4'd  with  |H)ll«*n  from 
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the  flowers  on  the  same  plant,  or  of  the  same  kind  of  plant,  they  ga\'e 
rixp  Id  furniB  like  themselves,  thus  showing  that  they  are  true  elemen- 
tary K|ierieR.'  It  is  also  a  jMint  of  some  interest  to  observe  tliat  all 
tliew  forms  dilTenHl  frotn  earh  other  in  a  large  number  of  partirulare. 
"Only  one  form,  0.  srinlUlatu,  that  appeared  eight  times,  is  not 
I'oimtant  us  are  the  other  itpeciea.     When  self-fertilized,  its  seeds  pro- 


de  Vhi 


dncc  ulwuyri  three  other  forma,  0.  neinlillans,  0.  Mongata,  and  0, 
lamarekiiina.  It  differs  in  this  rrspect  from  all  the  other  elementary 
s[ietii-»i,  which  niutute  not  more  Ihuii  once  in  ten  thousand  individuals. 
From  the  seodit  of  one  of  the  new  forms,  0.  Itrrifiilia,  collected  in 
the  fielil,  plunts  were  reared,  Home  of  which  were  0.  Inmarekiana,  and 
others  fi.  Ifrrifalia.  They  were  allowed  to  grow  together,  and  thrir 
descrnilunts  gave  rise  to  the  same  forma  found  in  the  lamarrkiana 

'  O.  lata  m  always  female,  and  cannot,  therefore,  be  itclf-fprtillied. 
Whm  croHsed  with  O.  lamarrkiana  there  b  produced  fifteen  to  twenty  per 
cent  of  pure  lala  individuals. 
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funily,  described  above,  namely,  0.  lata,  ^ipliea,  nantuUa,  rubri- 
tunUf  and  alao  two  uew  species,  0.  tpatulata  and  UpliHvrpa. 

"In  the  lata  family,  oiily 
female  flowera  are  |irodured,  aiul, 
therefore,  in  order  to  obtain  M>eds 
they  were  fertilized  with  ]x>llen 
from  other  B|>crtes.  Here  alao  ap- 
peared some  of  the  new  fl(icrir>i, 
already  mentioncni,  namely,  at- 
bida,  tianiiHla,  tnla,  Mungala,  ru- 
frrt nAii>,  and  alM)  twonewi4(ie<'ieH, 
tUipliea  and  Kulionila. 

"De  Vrii'K  alao  watchi'ti  tin* 
field  from  which  the  uritniial  fornM 
were  obtiuned,  and  found  there 
many  of  tile  im>w  ajieHert  that  a{>- 
peared  under  cultivation.  Theoe 
were  found,  however,  only  ha 
weak  yoiiiiK  ])lantH  (hut  nin'ly 
flowered.  Five  of  tl«'  new  forins 
were  seen  cilliiT  in  the  Hilveraam  field,  or  elw  raiMed  fniui  wed!'  that 
had  been  e<ille(ti><i  there.  TlieHe  faetw  ithow  llmt  the  new  MiKfii-ji  are 
not  due  to  eultivutiim,  iind  llial  they  uriw  ycur  after  year  fnmi  the 
seeda  of  the  [wrent  fi>rrn,  O.  lamanh'anu." 


It  iltgnti  td  vwyinc. 


(A(wr  .k  Vri«L) 


An  to  this  WO  may  oIis»Tve:     It  ha.'i  lonp  Iifciikiiiiwiitliiit 
llHli\iduiil  variations  uf  un  extreme  degree  «jiiu>liiued  uei-iir, 
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and  that  theoc  may  be  tn  a  degree  persistent  in  heredity.  Of 
stich  nature  was  the  Ancon  ehccp,  the  Mauchamp  sheep,  the 
icelierg  blackberry,  and  numerous  other  races  or  forma  known  in 
the  domestication  of  animals,  or  the  cultivation  of  plants.  The 
generally  norma]  structure  of  such  individuals  distinguishes 


— A  bnuob  ol  Ihc  ([Twn  Gmrpiiu 
H  linuich  (Ibe  richl-han'l  one)  ■ 
r  vsrielim  u«  re<l  uiii  in  ducduJ 


vbich  tlw  in 

rcen  like  the  ml  of  (he  |ilu(.  while  Ibe 

litiuD.     (Alter  de  Vriea.) 


them  from  monstn>ni til's,  which  are  usually  freaks  of  develop- 
ment rather  thun  of  herolity. 

The  name  "saltation,"  or  in  recent  years  "mutation,"'  has 
been  applic<l  to  extrcttic  fluctuation,  tlic  immitliatc  cause  of 
which  is  unknown.  The  exi>eriments  of  dc  Vrics  on  the  saltfr- 
tion.s  of  the  descendants  of  the  evening  primrose  (called  (Eno- 
Ihera  lamarckiaTia)  have  <lrawn  general  attention  again  to  the 
possibility  that  saltation  has  had  a  large  part  in  the  process  of 

'  TIte  wnid  miitslinn  wag  lin>t  used  not  for  BuJtatkni&  but  for  tbu  olow 
geological  periods. 
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formation  of  species.  As  to  this  it  may  be  said  that  the  ix)essibie 
variation  within  each  species  is  much  greater  than  the  range 
of  the  individuals  which  actually  survive.  The  condition  of 
domestication  favors  the  development  of  extreme  variation,  Ixs 
cause  such  individuals  may  be  preserved  from  interbreeding 
with  the  mass,  and  they  may  survive  even  if  their  characters 
are  unfavorable  to  com()etition  in  the  struggle  for  existence. 
Among  plants  it  is  noticed  that  new  soil  and  new  conditions 
seem  to  favor  large  variation  in  the  progeny,  although  the  traits 
thus  produced  are  not  usually  hereditary.  Cases  luorv  or  h\ss 
analogous  to  those  noted  by  Dr.  de  Vries  arc  not  rare  in  horti- 
culture. The  cross  brcHxling  of  variant  forms  favors  the  a|>- 
pearance  of  new  forms.  Among  actual  sfKM'ies  in  a  state  of 
nature,  there  are  verv  few  which  set»m  likely  to  have  arisen  bv  a 
sudden  leap  or  mutation.  The  past  and  the  future  of  de  Vric^s' 
evening  primros(*s  are  yet  to  Ix)  shown.  The  8|)ecies  calknl  by 
de  Vries  (Enoihcra  Uwuirckiana  is  not  at  present  known  in  its 
wild  state  anywhere  in  North  America,  the  parent  n^gion  of  all 
the  8peci<>s  of  evening  primroses  or  (Knothrra;  so  that  wo  liav(» 
as  yet  no  rciuson  to  assume  that  the  various  mutants  of  the 
evening  primn)sc»  are  really  comparable  to  the  wild  siM'ri<\s  of 
the  same  group  now  existing  in  America. 

While  sidtation  remains  ius  one  of  the  probable  sourc(\s  of 
specific  difTerence,  the  actual  role  of  this  process  in  nature  is 
yet  to  be  pro  veil. 


CHAPTER  X 
HEREDITY 

"  Voni  Vater  hab'  ich  die  Statur, 
Dos  I^l)eii8  enistes  Fuhn»ri; 
Voni  Miittorcheri  die  Frohnatur 
Und  Lust  zu  fabuliren. 

Urahnherr  war  der  Sehoiisteri  hold, 

Das  spukt  so  hin  und  wieder. 
Urahnfrau  Wvhte  Schniuck  und  (lold, 

Das  zuckt  wohl  durch  die  (Jlieder. 

Sirid  nun  die  Elemeiitc  nicht 

An  dem  Complex  zu  trennen; 
Was  ist  denn  an  dem  ganzen  Wieht 

Original  zu  nennen?" 

loETHE,  *  "  Zahme  Xenien,"  y\. 


Hkredity  is  the  rule  of  persistence  among  organisms.  The 
existence  of  such  a  law,  or  " ascertaincnl  secjuenee  of  events/*  is 
a    matter    of    common    observation.     "  Like    produces    like." 

*  "Stature  from  father  and  the  mcMKl 
St^m  views  of  life  compelling; 
From  mother,  I  take  the  joyous  heart 
And  the  love  of  story-telling. 

'*  Great -grandsire's  passion  was  the  fair. 
What  if  I  still  reveal  it? 
Great-grandam's,  pomp  and  gold  and  show, 
And  in  my  bones  I  feel  it. 

"Of  all  the  various  elements 

That  make  up  this  complexity, 
What  is  there  left  when  all  is  done, 
To  call  originality?  " 

Bayard  Taylor's  trandation  in  part, 
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"  Blood  will  tcU/'  "  Blood  is  thicker  than  water/'  these  proverbs 
in  all  languages  indicate  the  general  fact  that  each  organism  is 
likely  to  resemble  its  parents,  and  that  the  basis  of  fundamental 
resemblance  among  organisms  is  found  in  kinship  by  blood.  It 
is  equally  a  matter  of  common  observation  that  the  law  of  hered- 
ity is  inseparable  from  a  law  of  variation.  No  one  organism  is 
quite  an  exact  copy  of  iuiother.  The  prevention  of  such  a  con- 
dition \b  one  of  the  effects  of  the  process  of  double  parentage. 
Except  in  certain  exceptional  forms  in  which  parthenogenesis 
or  hermaphroditism  appear,  each  complex  organism  springs 
from  two  organisms  of  the  same  species:  the  one  male,  the  other 
female.  The  resultant  organism  partakes  of  the  qualities  of 
each  of  these  in  some  degree,  and  through  these  to  a  degree  also 
it  partakes  of  qualities  of  the  parents  or  ancestors  of  each. 

The  phrase,  "Kinship  by  blood,"  used  in  connection  with  all 
studies  of  heredity,  is  a  survival  of  an  ancient  theory  that  the 
physical  l)asis  of  heredity  is  found  in  the  actual  l>Iood.  **  Blood 
is  quite  a  |XH'uliar  juice,"  as  was  ol)Her\'ed  by  Mephistopheles, 
but  its  |)ecuHariti<*s  are  not  concerno<l  with  hore<iit y.  The  func- 
tion of  I>1(mm1  is  c<)ncerne<l  with  the  nourishment  of  tissues  and 
the  removal  of  their  waste.  Tlie  actual  vehirh^  o(  transfer  of 
hereditary  c|ualitios,  the  physical  Iwisis  of  henNlity.  is  found  in 
structures  within  the  protopla.sni  of  the  germ  coll. 

Tiie  germ  ci»lls,  male  or  female,  are  alike  in  all  characters 
essential  to  this  discussion.  On  the  average,  the  |M)tcncy  of  the 
male  and  the  female  cell  is  exactly  the  same,  there  lM»iiig  nowhere 
constant  advantage  of  one  sex  over  the  other.  I'iicli  c<'ll,  inah» 
or  female,  is  one  of  the  vital  units,  or  IhkIv  (*ells.  s<»t  apart  for 
the  8|XHMal  puriKw<»  of  n^prcMJuction.  It  is  not  <»sscntially  ilifTer- 
ent  from  other  cells  in  structure  or  in  origin,  hut  in  its  |)otcn- 
tialities.  Its  function  is  that  of  n'|)eating  the  original  organism, 
"with  tlie  precision  of  a  work  of  art." 

Hennlity  is  shown  in  tlie  |M»rsistencc  of  ty|M»,  in  the  existence 
of  broad  homologies  among  living  forms,  in  the  |H>ssihility  of 
natural  systems  of  chi.ssification  in  any  gnnip.  in  the  retention 
of  vestigial  organs,  in  the  early  development  and  suhsi'<|uent 
obliteration  of  outworn  structures  once  useful  to  individuals  of 
the  ra<'e  or  ty|H». 

In  a  general  way,  the  individual  inluTits  from  lM)th  parents 
the  common  structure  of  organisms  of  the  simmmc-s  to  which  it 
belongs.     The  s|K*cial  i)eculiarities  of  the  individual  organi.sm 
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are  also  inherited,  but  in  much  less  certainty  of  degree.  These 
traits  belonging  to  a  member  of  a  single  generation  have  a 
smaller  **  inheritance  fund  "  on  which  to  draw.  In  each  gener- 
ation some  of  these  individual  qualities  are  latent  or  "reces- 
sive," others  are  potent  or  "dominant."  The  recessive  or  an- 
cestral characters  reappear  with  a  certain  regularity.  They 
may  form  a  sort  of  mosaic,  by  mixing  with  other  dominant 
traits,  or  they  may  make  a  more  or  less  perfect  blend.  Resem- 
blance to  some  remote  ancestor  occurs  at  times,  being  known  as 
atavism.  E^ach  ancestor  has  some  claim  in  the  formation  of  the 
new  individual,  and  behind  the  grandfather  and  grandmother 
dead  hands  from  older  graves  call  in  their  direction.  The  past 
will  never  let  go,  though  with  each  generation  there  is  a  deeper 
crust  over  it.  These  old  claims  grow  less  with  time,  because 
with  each  new  generation  there  are  twice  as  many  of  these  com- 
pc^titors.  Moreover  past  generations  can  affect  tlie  heredity 
of  the  individual  only  through  the  agency  of  his  immediate 
parents.  Out  of  these  elements  Mr.  Oaltoii  frames  the  idea  of  a 
"  mid-parent,"  a  sort  of  center  of  gravity  of  heredity,  though,  as 
Dr.  Hrooks  has  okservcnl,  it  is  doubtful  if  this  mid-parent  is 
more  tlian  a  logical  abstraction.  The  bluer  the  l)lood  in  any 
s|x»cies,  tliat  is,  the  more  closely  alike  the  ancestors  are,  the 
more  certain  will  be  the  {)ersonal  resemblance  among  the  de- 
scendants. 

Rut  characters  actually  latent  are  very  real  in  heredity. 
Dr.  Rrooks  savs: 

•*  When  a  son  of  a  beardless  boy  grows  up  and  acquires  a  beard,  we 
may  say  that  he  has  inherited  his  grandfather's  beard,  but  this  is  only 
a  figure  of  speech,  and  he  actually  inherits  the  beard  his  father  might 
have  acquired,  had  he  lived,  nor  would  the  case  of  a  child  descended 
from  a  series  of  ten  or  a  hundred  beardless  boys  be  different." 

It  is,  moreover,  certainly  true  that  a  beard  can  be  as  well 
inherited  from  the  mother — who  has  none — as  from  the  father. 
The  inheritance  is  that  of  the  beard  the  mother  might  have 
developed  had  she  l)een  a  man.  And,  in  general,  in  matters  of 
heredity,  the  child  is  not  derivtHl  from  the  parents  as  they 
actually  are,  but  from  the  parents  as  they  might  have  been. 
The  traits  transmitted  in  hereditv  are  chosen  from  the  whole  line 
of  parental  possibilities.  And  with  the  process  of  conception, 
12 
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the  union  of  the  two  parental  germ  cells,  "the  gate  of  gifts  is 
closed."  No  trait  or  quality  can  ever  be  acquired  of  which  at 
least  the  elements  are  not  involved  in  the  original  inheritance. 

"What  is  transmitted  to  the  infant,"  observes  Dr.  Archdall 
Reid,  "is  not  the  modification  [of  the  parent],  but  only  the 
power  of  acquiring  it  under  similar  circumstances.  The  power 
to  acquire  fit  modifications  in  response  to  appropriate  stimula- 
tion is  that  which  especially  differentiates  high  animal  organ- 
isms from  low  animal  organisms." 

Atavism  or  reversion  is  the  process  of  "throwing  back,"  b}' 
which  in  some  degree  an  individual  r(»sembles  a  distant  ancestor. 
Under  the  name  of  "atavism."  according  to  Yves  Delago,  are 
included  three  very  different  tilings: 

(a)  The  transmission  in  oiu*  family  of  individual  characters, 
which,  latent  for  several  generations,  suddenly  reap|H»ar.  This 
is  family  atavism,  and  its  nature  is  rea<lily  n^cognized. 

(b)  The  reapi)earance,  more  or  less  regularly  in  a  race,  of 
characters  of  an  allied  race,  from  which  the  first  race  may  have 
been  derived.  This  is  rac(»  atavism.  Of  this  nature  are  th(» 
zebra  stripes  sometimes  seen  in  mules. 

(r)  The  apjM'arance  of  charact(*rs  abnormal  for  the  race  in 
which  they  ap|M'ar,  but  which  an*  normal  in  otli(*r  races  sup- 
posed to  Ih'  ancestral.  This  is  atavism  of  teratology.  An  illus- 
tration is  th(»  occasional  appearance  in  the  mo<i<*rn  horse  of  rudi- 
ments of  additional  toes,  with  partly  develope<j  hoofs. 

"  Kverything  is  possible  in  henHJity,"  obscMvcs  l>clage. 
"One  may  always  find  examples  of  election,  of  blending  (of 
mosaic),  of  combination,  of  resemblance*  dirert.  and  of  resem- 
blance reversed.  To  give  to  th(*se  grou|)ings  the  name  (»f  laws 
would  Ih'  an  abuse*  of  language,  since  not  oru*  of  these  rules  is 
exclusively  true.  In  reality  there  is  no  law  of  resenil>lance  be- 
t.wei»n  a  child  and  its  parents.  .Ml  is  |M)ssil)le.  from  a  difTerence 
so  great  that  there  is  not  a  trait  in  connnon,  to  an  almost  perfect 
identity  with  one  (»r  the  other  parent,  witli  every  interni(MJiate 
degree*  of  blending  of  characters  and  combination  of  resem- 
blanc(*s." 

The  name  "telegony  **  is  given  to  tlie  stipposed  inllnence  of 
the  first  male  on  the  future  offspring  of  the  female.  Tiiis  theory 
of  telegony  rests  mainly  on  a  case  of  a  mare  which  was  lirst  im- 
pregnateni  by  a  (piagga.  and  whose  subseijuent  colls  from  males 
of  her  own  species  had  (juagga-like  markings.     The  >\ij)|K»sed 
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facts  on  which  the  theory  is  based  are  inadequate  or  unproved, 
and  it  is  probable  that  the  phenomena  called  telegony  have  no 
real  existence. 

I'^iually  uncertain  are  the  phenomena  known  as  "prenatal 
influenc<»s."  In  the  process  of  evolution,  the  development  of  the 
female  has  l)rought  her  to  be  more  and  more  the  protector  and 
hel|)er  of  the  young.  She  gives  to  her  progeny  not  only  her 
share  of  its  heredity,  but  she  l)ccomes  more  and  more  a  factor  in 
its  development.  In  the  mammalia  the  little  egg  is  retained 
long  in  the  Ixxly  and  fwl,  not  with  food  yolk,  but  with  the 
mother's  bl(KKl.  The  parent  thus  IxH'omes  an  immediate  and 
most  im|H)rtant  part  of  the  envinmment  of  the  young.  In  man, 
by  the  growth  of  the  family  the  parental  envinmment  l)ecomc8 
a  lif<»l(>iig  influence.  The  father  as  well  as  the  mother  Ixjcomcs  a 
part  of  it. 

It  hiis  long  lK»en  a  matter  of  conmion  lK»lief  that  among 
mammals  a  s|)ecial  additional  formative  influence  is  exerted  by 
the  mother  in  tlie  i>eri(Kl  between  concept i(m  and  birth.  The 
patriarch  Jacob  is  recorded  as  having  made  a  thrifty  use  of  this 
influence  in  relation  to  the  herds  of  his  father-in-law,  I>aban. 
This  l)elief  is  part  of  the  folkk)re  of  almost  every  race  of  intelli- 
gent men.  In  the  translations  of  Carmen  Silva,  that  gentle 
woman  whom  kind  nature  made  a  [)oet  and  cruel  fortune  a 
queen,  we  find  these  words  of  a  Roumanian  {x?asant  woman: 

"My  little  child  is  lying  in  the  fO'ass, 
His  fa(v  is  covered  with  the  blades  of  grass. 
\Miile  I  did  l)ear  the  child,  I  ever  watchwl 
ITie  reajwr  work,  that  it  might  love  the  harvests; 
And  when  the  boy  was  boni,  the  meadow  said, 
*Thisismychild.'" 

In  the  current  literature  of  hvsterical  ethics  we  find  all  sorts 
of  exhortations  to  mothers  to  do  this  and  not  to  do  that,  to 
clierish  this  and  avoid  that  on  account  of  its  supjKJsed  effect 
on  the  coming  y)rogeny.  Long  lists  of  cases  have  been  reported 
illiLstrating  the  law  of  prenatal  influence.  Most  of  these  records 
serve  only  to  induce  scepticism.  Many  of  these  are  mere  co- 
inciflences,  some  are  unverifiable,  others  grossly  impossible. 
There  is  an  evident  desire  to  make  a  case  rather  than  to  tell  the 
truth.     The  whole  matter  is  nmch  in  need  of  serious  studv,  and 
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the  entire  record  of  alleged  facts  must  be  set  aside  to  make  a 
fair  beginning. 

There  are  also  many  phenomena  of  transmitted  qualities 
that  cannot  be  charged  to  heredity.  Just  as  a  sound  inind  de- 
mands a  sound  body,  so  does  a  sound  child  demand  a  sound 
mother.  Bad  nutrition  before  as  well  as  after  birth  may  neu- 
traliie  the  most  vigorous  inheritance  within  the  germ  cell.  A 
child  well  conceived  may  yet  be  stunted  in  development.  Even 
the  father  may  transmit  weakness  in  development  as  a  handicap 
to  hereditary  strength.  The  many  physical  vicissitudes  between 
conception  and  birth  may  determine  the  rate  of  early  growth 
or  the  impetus  of  early  development.  In  a  sense,  the  im- 
pulse of  life  comes  from  such  sources  outside  the  germ  cell 
and  outside  heredity.  All  powers  may  be  affected  by  it.  Per- 
fect development  demands  the  highest  nutrition,  an  ideal 
never  reached.  In  such  fashion  the  child  may  hesLr  the  in- 
cubus of  Ibsen's  "Ghosts/' for  which  it  had  no  personal  re- 
sponsibility. "S[)ont  imssions  and  vanished  sins"  may  impair 
germ  cells,  male  or  fenialo,  as  they  injure  the  organs  that 
produce  tiiom. 

In  a  thoughtful  article  on  probloniH  of  horcnlity  (The  Horse- 
man,  April  17,  ItKMi),  Mr.  (\  H.  Whitford  maintains  that  l)ottor 
results  in  tho  trotting  horse  come  from  l)rcHMliiig  from  untrained 
horses  of  gocnl  I)1(khI  than  from  horses  whidi  have  l)een  elalx>- 
rately  trained  to  the  liighest  sixxhI  on  the  racecourse. 

"TnittiiiR  hofHTs  that  are  ovcrbrcd  show  the  offccts  of  tlicir  inten- 
sifipd  brcMMlinf;  in  a  variety  of  ways.  Diit  the  usual  diffirulty  is  ex- 
treme ner\'ousiiess  and  want  of  ability  to  si  and  tniiniti^.  Sometimes 
a  horst*  of  this  kind  will  show  gn^at  promise  when  he  is  first  hit(*hed  to 
a  sulky.  II<*  will  show  ffn^ai  flashes  of  sim'imI  and  will  have  a  smooth, 
easy  action  and  the  trotting  instinct  well  pronouniHxi." 

But  he  is  ovornervous,  lacks  coiustitutional  strength  and  will 
not  do  well. 

"The  trouble  with  a  horse  of  this  kind  is  that  he  has  not  inherited 
the  nefvssary  fuel  with  wliieh  to  <*n»ate  ener>j\'.  lie  is  'burnt  out* 
by  heredity.  That  wliieh  he  ne^Mlinl  to  train  on  was  so  lar^i^ly  used 
up  by  his  ancestry  in  their  prfM*<*ss  (»f  development  thai  they  had  not 
enough  to  transmit  to  their  progeny." 
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If  this  is  true,  it  would  appear  that  nervous  overstrain  of 
the  parent  ia  unfavorable  to  normal  nerve  development  of  the 
oPfspring,  This  would  be  apparently  a  case  of  transmission  of 
parental  conditions,  as  above  indicated,  and  not  one  of  true 
heredity. 

It  may  be  conceived  that,  at  the  moment  of  impregnation, 
the  resultant  germ  cell  is  sexless.  It  begins  its  development  at 
once,  and,  in  the  higher  animals,  turns  very  soon  toward  the 
formation  of  those  structures  which  distinguish  the  one  sex  or 
the  other.  E^ch  individual  ultimately  becomes  either  male  or 
female.     Relatively  few  animals,  and  those  among  the  lower 


forms,  are  ever  really  hermaphrodite,  or  represenljitivr  rif  \m(h 
sexes  at  once. 

Among  the  invertebrate  animals  the  niuncricid  rflalinns  of 
the  sexes  are  subject  to  great  variation.  AinoiiK  vcrti'lmitcs. 
in  general,  the  sexes  are  practically  e(|ual  in  niiniber.  as  is  slmwn 
by  count  of  large  series  of  individuals.  This  is  true  hIu'IIkt  I  lie 
species  be  monogamous,  polygamoiis.  or  proniiscunus  in  lis  si>x 
relations.     It  is  therefore  apparent  that  the  sex  tcndencios  in 
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the  germ  are  liel<l  on  a  very  fine  lialance.  A  very  elight  inipuUe 
the  one  way  or  the  other  detcrmine»  the  sex  direction  tlie  eni- 
hn'o  uhall  take.  Although  much  investigation  and  very  much 
8|>eculation  have  \yvn  devoted  to  this  problem,  it  is  still '  un- 
solved. We  are  not  ahle,  in  the  vertebrate  animals,  n»r  in  fact 
in  animals  generally,  to  determine  the  nature  of  the  stimulus,  or 
of  any  of  the  various  impulses,  if  more  than  one  cxiata,  which 


loa<i3  the  individual  germ  cell  to  develop  as  male  or  female. 
It  is  al.io  [vissilile  ttiat  each  germ  cell  is  really  bisexual  from  the 
Ijogiiming.  One  sex  or  the  other  t)ecomea  dominant  and  the 
oilier  recessive  as  the  embryo  develops.  But  in  this  event  wc 
are  stilt  in  doubt  as  to  the  nature  of  the  determining  factor  or 

'ThclalPHt  HlitilicHof  (hi- prolilcm  an- rhii'llywiricrmpil  with  an  attempt 
to  di'lorminp  H-hi'thor  or  imt  IhiTi'  cxiwts  n  rhmmoBnme  ncx  dftrrminBnt. 
and  whether  m-x  itHi'miinntiiiTi  may  not  Ix'  Iimiif^ht  under  Mendel's  law 
of  brmlity  (see  later  paragraphs  in  thia  chapter)  in  a  modified  form. 
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stimulus.  Among  ants  and  the  sorial  bcea  and  wasps  the  malcB 
develop  parthenogenetically  from  unfertilised  cells,  the  fertilised 
cells  yielding  either  females  or  workers  which  are  sterile  females. 
But  this  specialized  mode  of  development  is  peculiar  to  particu- 
lar groups.  For  a  few  lower  species  it  has  been  ascertained 
that  variation  in  nutrition  may  be  a  factor  in  sex  determination. 
Favorable  nutrition  seems  to  increase  the  number  of  females. 
Host  higher  plants  are  hermaphrodite,  the  central  leaves  (car- 
pels) in  the  bud  which  becomes  the  Qower,  yielding  ovules  or  fe- 


male gcmi  cella.  Tlie  next  whorl  (stamens)  yicKIs  ni.ilc  gorm 
cells  or  pollen.  The  outer  whorls  (ran>lla,  rulyx)  serve  as  pro- 
tective organs  only,  and  are  without  wx. 

The  l>oniI»  of  union  anionfc  orgunisiri.s  whirl)  Manil  at  the 
bans  of  all  claKsifiralion  are  known  as  "  humnlntiii-s  "  (Fi^cs.  10)- 
104).  .\  homology  is  a  real  hkoncits,  lu*  dislinguisheil  from  one, 
merely  su|)ertirial  or  up{tamit.  To  HU|>«>rtit'i:Ll  likcnoss  wv  p\-p 
the  name  of  analogy.  Ilomolofry  tiirunM  fiimliimontal  iden- 
tity of  structure,  iis  distingiiishetl  fn>ni  iiiciiti-iititl  .limilurity  of 
form  or  fum'lion.  TIiiih.  the  iinii  of  a  iniiii  is  liniiioliiKinis  with 
llie  fiin'htJ  of  u  ditg,  Imh-jiuw  in  cithrr  we  run  tnwv  di-<'|>-M>uted 
rfwnililaiice  or  hcmiiilogies  with  tin-  other.  In  vw\\  dotiiil  of 
each  Inhil-,  muscle,  vein,  or  ticrve  of  the  one  wc  can  trace  the 
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corresponding  details  of  the  other.  But  in  comparing  the  arm 
of  man  with  the  '*limb''  of  a  tree,  the  arm  of  a  starfish,  or  the 
foreleg  of  a  grasshopper,  we  find  no  correspondence  in  details. 
In  a  natural  classification,  or  one  founded  on  fact,  organisms 
showing  the  closest  homologies  are  placed  together.  An  arti- 
ficial classification  is  one  based  on  analogies.  Such  a  classifica- 
tion might  place  together  a  cricket,  a  frog,  and  a  kangaroo, 
because  they  all  jump,  or  a  bird,  a  bat,  and  a  butterfly,  because 
they  all  fly,  even  though 
the  wings  are  very  dif- 
ferently made  (Fig.  105) 
in  each  case. 

The  very  existence 
of  such  terms  as  animals 
and  plants,  insects  and 
mollusks  imply  relation- 
ships, and  relationships 
in  different  degrees. 
Classification  is  the 
process  of  reducing  our 
knowledge  of  these 
grades  of  likeness  and 
unlikeness  to  a  system. 
By  bringing  together 
those  which  are  funda- 
mentally alike,  and 
separating  those  which 
are  unlike,  we  find  that 

these  traits  are  the  outcome  of  long-continued  influences. 
Classification  is  defined  as  ''the  rational  lawful  disposition  of 
observed  facts."  It  rests  on  the  results  of  the  operations  of 
natural  laws,  or  forces  which  bring  about  inevitable  results. 

For  it  is  a  matter  of  common  observation  that  the  closest 
homologies  are  shown  by  those  animals  which  have  sprung  from 
a  common  stock.  The  fact  of  blood  relationship  shows  itself 
always  in  homology.  So  far  as  we  know,  homology  is  never 
produced  in  any  other  way,  therefore  the  actual  presence  of 
homologies  among  animals  or  plants  implies,  as  we  shall  see  in  a 
later  chapter,  their  common  descent  from  stock  possessing  these 
same  characters.  In  our  primitive  use  of  the  trunk  of  the  tree 
to  imply  unity  in  life,  we  can  see  that  tliis  trunk  represents 


Fiu.  105. — Diajcram  of  winfpi,  showinc  homol- 
oKy  and  analofO':  a,  wing  of  fly;  6,  wine  of 
birti;  e,  wing  of  bat. 
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homnlf^cy,  and  that  it  is  the  rcprottentslion  of  (he  current  of 
heredity.    The  resemblances  arise  from  common  origin,  the 


varialioiuM  fnitn  Ihf  di'iiiiuiil  i>r  difTcriiit;  cxli-nml  (-onilitidnx.  I( 
may  be  wild  Iliiit  lh<-  inside  of  an  aiiimid  IcMx  what  il  is.  theont- 
Mide  when-  it  hiw  U-cn.  In  the  inteniid  stniftiin>.  ancestral 
tntilt)  art'  )>or]N<liiiLte<l  with  little  chanKe 
thningh  geoltifiie  ixftiv.  The  exienml 
ehurHr-lern  ufTceted  by  every  feature  of 
Die  snrroiiiidiiiRS  nmy  Ik-  rapidly  nlteml 
throiipli  ret<]K)iisf  li>  deinundsof  cnvimn- 
meiit  anil  tJimUKh  ihe  destniction  of  in- 
dividuals wli(>s<>  life  fitilsof  luljiistment. 

It   is  in  the  ixTwislcinT  nf  hen<dity 

that  we  lind  the  e\pl:tn:ili<iii  of  vestif^ial 

organs.     An  or):aii  nvll  dcvi'l<i)N-d  in  one 

frninp  of  animals  or  plants  nisiv  in  some 

Fiu.  iii;     llnxl  «(  ■»)■>-     other  In-  redni-4tl  to  »n  iin|<«'rl'ert  orfian 

■iHindK  hiitn>n  r«ii<T\>i    „r  nidiniont  W)  incoinpli'te  a"  to  serve 

ftwX  "" \n»rri-kn'>     ""  piiri""^'  whateviT.    Such  rmlinientary 

or  fnni'l ionles."  strnrinn-s  may  lie  found 

in  the  Nnly  of  any  of  the  higher  »niin:ds  ami   in   most   or  all 

of  Ihe  hi};her  plants.     As  a  rule  sueli  slruelures  are  mure  fully 


itide  when-  it  luw  Ui 
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developed  in  the  emhrjn  than  in 
the  luliilt  Itei-oming;  atrophied 
With  age  I  amihar  examples 
are  the  appendix  vermiformia 
and  the  unii<ted  muscles  of  the 
ears  in  man  the  atrophied  lung 
pehie  and  hmlw  of  the  snake 
the  air  bbulder  of  the  fish  the 
thumb  (iir  rather  index  fin 
ger)  of  the  binl  the  i^phnt  bone 
of  the  Iiorse  anil  the  like 

Tht  analonust  Wiederaheim 
has  reeordwi  ISO  \estif!;ial  or- 
gans in  man.  Tht^sc  striietiiivH 
nci-WT  in  all  the  systems  of 
organs,  integument,  skeleton, 
mn.tclc.i,  nervous  system,  sense* 
organs,  digestive,  respiratory , 
circulatory,  and  urino-genital  8\-stems,  Host  of  these  rem- 
nants of  stnirlures  are  to  l>e  found  eompletely  develojxHJ  in 
other  vertebrate  groit|is.  Eleven  of  them  arc  charaeteristic 
as  functional  organs  of  fishes  only,  four  of  amphibians  and 
reptiles.  The  fact  that  structures  are  vestigial  is  shown  often 
by  coses  of  atavistic  de- 
velojiinent. 

Within  the  brain  of 
man,  near  the  optic  lobes, 
ia  a  little  spheroid  structure 
scarcely  larger  than  a  pea, 
known  as  the  "pineal 
gland"  or  conarium.  It 
has  no  evident  function, 
and  I>escarte8  once  sug- 
gested that  it  might  be  the 
seat  of  the  soul.  It  is 
larger  in  the  embr>'o  and 
stilt  larger  in  the  brains  of 
some  of  the  lower  verte- 
brates. Recent  investiga- 
tions have  .shown  that  it 
is  especially  developed  in 
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rMtain  lizanls,  tiotftlily  in  a  wrj-  jirimitivp  New  Zealand  Unird 
of  the  genus  SpheTwdon  (HaiUria)  (Fig.  109),  uiid  rluit,  in  ihesc 
Usarilit.  tfie  piricnl  iMxIy  ends  in  a  more  or  leas  perfi-ct  fvc-likp 
etructure  placed  between  the  true  eyes  in  ih*-  center  of  IIm> 
ftkreheAil.  A  tmw  of  this  e-ye.  is  shown  in  the  UmblcaM  lizard 
eivllwi  bIiiw  worm  {Angms),o{  Euro[)f,aiul  iii  iwvcml  American 
Bpecies,     In  the  horned  load  (Fhninommn)  (!"ig,  110)  its  iilacf 


is  PovCToii  l>y  a  traiisliifcnt  [x-arly  seali-,  Thrsr  lixards  hare 
in  faet  three  eyea,  and  ihe  pineal  l>ody  is  the  nen'oiis  ganjc- 
linii  from  wliicli  the  third  eve  uriKcn.  Tlip  nuiurul  rMnrltwiun 
from  thin  that  all  .vertebrates  orifrinally  had  throe  eyes,  is  prob- 
ably a  too-hasty  onf.  IVrhagM  tin-  pim-al  IkkIv  was  an  ori^B 
of  wtu«>,  whirh  develoix^l  into  an  eye  in  the  lizards  and  their 
ancestors  only,  not  in  any  of  the  Amphibians  or  fishes,  and  not 
in  any  mammals  or  birds,  although  thiM«  arr  dt-^n-ndcd  from 
reptilian  stork.  Whatever  the  origin  or  primitive  function  of 
the  pin«ul  ganKlion,  it^  <*xiH(«nct>  in  man  as  a  vestigial  organ 
i«  due  to  the  pcnnstenuv  of  heredity. 
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In  the  living  species  of  horse,  Equus,  there  is  but  a  single  toe, 
with  its  basal  bones.  On  each  side  of  the  base  bone  of  this  toe  is 
a  small  bone  known  as  a  splint  bone.  The  splint  bones  are 
apparently  useless  to  the  horse,  but  in  extinct  species  of  horse 
these  bones  are  develoixKl  as  digits,  bearing  small  hoofs.  Occa- 
sionally even  now  colts  are  lx)rn  in  which  these  splint  Iwnes  bear 
rudimentary  hoofs.  In  the  museum  of  Stanford  University  is 
the  log  of  a  high-bred  colt 
from  Milpitas,  California,  bear- 
ing a  small  hoof  on  each  of 
the  two  splint  bones. 

The  remains  (Fig.  Ill)  of 
over  thirty  different  ancient 
horse-like  animals  have  been 
found  in  the  rocks  of  the 
Tertiary  era.  The  Eohippus, 
the  earliest  of  these  horselike 
animals,  foimd  in  the  oldest 
Tertiary  rocks,  was  little  larger 
than  a  fox,  and  its  forefeet 
had  four  hoofed  toes,  with  the 
rudiment  of  a  fifth,  while  the 
hind  feet  had  three  hoofed 
toes.  In  the  later  rocks  is 
found  the  Orohippus,  also 
small,  but  with  the  rudi- 
mentarv  fifth  toe  of  the  fore- 
foot  gone.  Still  later  appeared 
the  Mesohippus  and  Miohip- 
piiSy  horses  al)out  the  size  of 

sheep,  with  three  hoofed  toes  only,  on  both  forefeet  and  hind 
feet,  but  with  the  rudiment  of  the  fourth  toe  in  the  forefeet, 
of  the  same  size  in  Mesohippus,  smaller  in  Miohippus,  Also, 
the  middle  t<M»  and  hoof  of  the  three  toes  in  each  foot  was 
distinctly  larger  than  the  others  in  both  Mesohippus  and  Mio- 
hippus, Next  came  the  ProtohippuSy  a  horse  al>out  the  size  of 
a  donkey,  with  three  toes,  but  with  the  two  side  toes  on  each 
foot  reduce<I  in  size,  and  probably  no  longer  of  use  in  walking. 
The  middle  toe  and  hoof  carried  all  the  weight.  Still  later  in 
the  Tertiary  era  lived  the  PliohippuSj  an  "almost  complete 
horse."    The  side  toes  of  Pliohippus  are  reduced  to  mere  rudi- 


Fio.  111. — ^Foot  ohanicee  in  evdution  of 
the  horw:  a,  EquvM,  QuAternary  (lu- 
cent) ;  6.  Pliohippus,  Pliocene;  c.  Pro- 
tohippua,  ]x)wer  Pliocene;  d,  A/ioAtp- 
pua,  Mi<icene;  e,  Metohippua,  Lower 
Miocene;  f.Orohippus.  Etxrene.  (After 
Fiu.  254  of  "Animal  Studies.") 
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menta  or  splints.  This  animal  (lifTcrs  from  the  present  horse 
somewhat  in  skull,  shape  of  hoof,  length  of  teeth,  and  other 
minor  details.  I^astly  came  the  present  horse,  Equua,  with  the 
spliot  bones  or  concealed  rudimcnU  of  the  side  toes  very  small 
and  the  hoof  of  the  middle  toe  rounder.  In  8|Mte  of  the  great 
difference  between  the  one-toed  foot  of  the  living  horse  and 
the  dog"))  fivc-tocd  foot  there  was  once  a  kind  of  liorse  which 
liad  a  fivc-tocd  foot,  ami  there  ie>  after  all  a  close  relationship 
between  the  foot  of  the  horse  and  the  foot  of  the  dog. 


In  man  then-  iH<l('VclniH'<i  at  I  he  proxiiiijtl  <'inl  nf  ihccaM'Hm 
or  blind  xat-  of  (lie  lurf;i-  iutcntinc  a  sinull  ^Inirturo  as  shown  in 
Fif;.  113.  Thin  upiM'iiitiiKC  han  no  riiiirtir>ii.  uml  it  Is  siilii(>rl  to 
inflanimiition  or  siipptirat ion.  known  iix  iip|M-nilii-iiis.  In  (he 
I'mbryo  tlw-  ap|K>niIix  vcrmiforniis  is  noliibly  liirf!<T  than  in 
the  adult  man;  and  in  the  lower  iinirnuts.  as  in  the  iloj;  or  the 
kangariK)  (,s»t  I'ijj.  IIII),  it  mjiy  Ih-  n'rojtiiiznlilr  its  a  prokm- 
KNtloii  of  tlifcaTiiMi.  sciircc'Iy  lew  iii  liijillirliT  tlian  llic  inti-slinc 
itwif.  The  iip|>enilix  verniifurniis  is  tlicTcfurc  ii  ve.stip.'  of  a 
long  eiwiini  wliieli  liuil  Itv  part  in  the  proecss  nf  ilici-stion. 

In  the  enihrvi)  of  all  ehorclatc  aiiiitials.  willioui  exeeption, 
n-Hpirutory  or  cill  slits  are  ileveliijNfl.  Iionmlii^'uns  wjlh  tli<iM> 
>wn  in  the  enihryo  of  the  Hsh.  The  |iresfiief  iif  thesi'slitsor 
their  vi-siineK  is  ime  i»f  (lie  most  im|Hirtant  sci'uiiilary  tlistinottvo 
ehara<'ters  of  the  Kreat  jtrimp  of  fhimliilii.  wliieli  iiiehnla-s  the 
vcrtehrales.     Tlic  human  cniltryo  is,  in  this  regard,  at  certain 
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stages  ORscntially  similar  to  the  embryo  of  the  fish.  But  in  the 
course  of  lievelopnieiit  the  gill  slita  in  man  and  the  higher  ver- 
tebrates disa|>|x?ar.  Their  position  is,  however,  indicated  by 
the  course  of  certain  blood  vessels.  These  follow  the  lines 
blocked  out  in  the  embryo  when  they  Uxl  to  the  gill  slita,  al- 
though no  other  trace  of  these  slitH  jK'rsi^stH  in  the  adult,  and  this 
direction  is  not  one  which  we  could  contrive  as  likely  to  have 
arisen  except  for  the  results  of  inheritance  from  the  lower  ver- 
tebrates. 

In  the  veins  of  the  higher  animals  valves  arc  present,  bo 
arrangcfl  as  to  prevent  the  flow  of  blood  backward  and  espe- 
cially ilownward  from  the  heart.  In  the  lower  animals,  these 
valves  are  adjusted  l<i  the  |>osilion  on  all  fours.  Their  adjust- 
ment in  the  same  in  nmn,  notwith.standing  his  erect  jxwture. 
A|)|>an-ntly  tlie  adjustment  of  the  valves  was  completed  before 
(he  [Hisitioii  on  jill  fiuirH  gave  way  to  the  erect  [(osture. 


richt  Bpi>cndix  vmnifofmi* 


In  the  embryo  of  man  there  exists  a  regular  tail,  supported 
by  eight  distinct  Ixine.s.  like  the  tail  of  any  other  mammal.  In 
the  proces.H  of  lievelopmenl ,  these  Imnes  are  reduced  in  number 
and  are  joined,  forming  ihe  coccyx  or  rudimentary  tail. 

In  various  sj>ecies  of  fishes.  lizar<ls.  salamanders,  crayfishes, 
and  other  animals  living  in  caves  or  buried  in  the  ground,  the 
ej-esareatropliie<i.  Xumentus  cases  (Fig.  114)  of  this  sort  have 
been  .ffiidt<il  by  l>r.  Carl  If.  Kigenmann.  He  finds  in  general 
that  the  young  cave  fish  have  normally  developed  eyes,  but  that 
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with  growth  atrophy  sets  in  affecting  different  species  differ- 
ently, in  some  cases  the  muscles,  in  others  the  lenses,  but  in  all 
cases  reducing  the  size  of  the  organ  to  a  functionless  structure 
more  or  less  covered  by  the  skin.  In  all  cases,  the  ancestry  of 
these  blind  species  can  be  traced  to  forms  with  well-developed 
eyes  inhabiting  the  same  region.  Among  the  species  examined 
are  the  blind  fish  of  Mammoth  Cave  (AnMifopns  apdcnis)^  the 
cave  blind  fish  of  Kentucky  and  Indiana  (Typltchthya  subterra" 

neus),  descended  from 
the  Dismal  Swamp  fish 
(Chologaster  cornuttui) , 
the  Missouri  blind  fish 
(Troglichthys  rasas),  the 
blind  fishes  of  the  caves 
of  Cuba  (Lxieifiiga  mifr- 
terraneay  and  Rtygicola 
dentaia)  and  the  blind 
goby  of  Point  Ix)nia 
( Ty})h l<Hjobiu8  californ i- 
en^in) . 

In   Dr.   Eiponmann's 
opinion,    the     retention 
of  (»yes  in  tlieso  8|)ecies 
is  (hio  to   th(»  influence 
of    hennlity.    the    vesti- 
gial structures  being 
oacli   and   all    nocessarv 
to   life  in   the   light.      Their  degeneration  he  ascrilx*s  to  the 
inheritance  of  the  individual  effeets  of  disease*,  a  matter  we 
discuss  in  another  eliapter. 

Hundreds  ni  nises  of  vestigial  organs  in  plants  have  been 
reconhnl.  among  which  we  may  nic»iition  th(»  barren  stamen  in 
PentMnuon  whirli  completes  the  nunilM»r  of  five  usual  in  the 
group  of  Scrophulariacea*  to  which  PrntMnnon  In^longs.  Other 
illustrations  are  the  rudimentary  leav(»s,  with  rudimentary 
Htoniata.  found  on  tlie  joints  of  sjXM'ies  of  cactus  (Opunlia),  etc.; 
the  cilia  foiuid  on  the  s|MTmatozoa  of  cycads,  which  would  en- 
able th(»s<'  structures  to  move  fnH»ly  in  the  water,  although  they 
are  n<»t  (h»iM»sit(»<l  in  the  water,  and  these  cilia  are  never  actually 
useil. 

By  the  theory  of  sjx?cial  creation  it  was  supjK)stHj  that  these 
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Fio.  114. — FiithMi  phowing  nitLgn  in  lom  of  «*ym 
aimI  color:  .4,  I)ii«nial  Swamp  fii«h,  <'h€>toffiiitttr 
eomulua.  Mirmttir  of  the  bliitil  fisih:  B.  AKiu»\t'» 
csve  fiiih.  Vhoiitintaler  OiniMMui;  <\cav<*  bliiitJ  finh. 
Typhtiehthya  Mubtrrraneu: 
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nidimcnts  were  created  in  accordance  with  the  tendency 
in  creative  processes  to  adhere  to  an  ideal  type.  But  it  can- 
not be  too  clearly  understood  that  tendencies  in  biology  exist 
only  as  functions  of  particular  organs.  The  tendency  to 
adhere  to  a  type  is  a  part  of  heredity,  the  function  of  the  germ 
cell. 

In  the  light  of  our  knowledge  of  organic  evolution  it  is 
clear  that  the  presence  of  vestigial  organs  is  simply  a  fact  of 
heredity.  They  are  organs  once  useful,  but  which  through 
changed  conditions  of  life  have  become  needless. 

It  is  a  recognized  fact  that  useless  organs  tend  to  dwindle 
away,  but  the  cause  of  this  phenomenon  is  not  so  clear.  It  may 
be  due  in  part  to  (a)  panmixia  or  cessation  of  selection,  the 
organ  being  no  longer  held  to  a  high  grade  of  efficiency,  to  (b) 
reversal  of  selection,  the  advantage  lying  with  those  individuals 
in  wliich  tlie  organ  is  no  longer  fimctional  or  (r)  the  inheritance 
of  the  results  of  functional  disuse.  The  latter  offers  an  explana- 
tion which  at  first  sight  apf^ears  adecjuate,  and  its  reality  has 
l>een  stout Iv  maintaincni  bv  various  WTiters  of  the  Neo-I^marck- 
ian  school.  In  tlieir  views,  changes  in  the  individuals  unques- 
tionably <iue  to  individual  or  ontogenetic  disuse  are  carried  over 
to  the  si)ecies  as  phyh)genetic  disuse.  Against  this  view  is 
opposed  its  inconsistence  with  current  theories  of  heredity,  and 
also  the  |)ositive  fact  that  there  is  as  yet  no  proof  of  the  in- 
heritance of  acquired  characters. 

When  we  say  that,  through  heredity,  the  offspring  inherits 
the  characters  of  the  parent,  we  are  sfx^aking  only  a  large  and 
general  truth.  The  details  of  this  inheritance  reveal  in  what 
regards  this  general  statement  must  be  modified.  We  have 
already  noted  the  inevitable  occurrence  of  at  least  small  varia- 
tions in  all  IjmmIv  parts  in  all  individuals.  In  addition  to  this  ex- 
ception to  identical  inheritance,  certain  characters  of  the  parent 
may  not,  as  just  mentioned.  ai)i)ear  at  all  in  the  offspring.  And 
this  mav  be  due  to  anv  one  of  several  causes. 

First,  certain  parental  characters  are  apparently  really  not 
heritable,  namely,  tliose  n(»w  characters  which  have  l)een  ac- 
quired by  tlie  parent  during  its  lifetime  as  the  n^ult  of  nuitila- 
tion,  diseases  special  use  or  disuse  of  parts,  any  change  of  parts 
due  to  direct  reaction  to  a  functional  stimulus  or  to  an  environ- 
mental stimuhis  or  cause,  such  as  a  bleaching  due  to  lack 
of  light,  a  thickening  of  the  skin  in  certain  places  due  to  con- 
13 
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tact,  etc.  At  least,  there  is  not  recorded  any  satisfactoiy 
proof  of  the  inheritance  of  these  acquired  cliaracters,  and  there 
is  definite  proof  that  many  of  them  are  not  inherited.  And 
most  biologist^!,  as  helpful  in  many  ways  to  a  clearing  up  of 
the  problem  of  adaptation  and  8|)ecies-forming  as  the  actu* 
ality  of  such  inheritance  would  be,  believe  themselves  un- 
able to  accept  this  fact,  in  the  light  of  our  present  knowl- 
edge. (This  matter  of  the  inheritance  of  acquired  characters 
is  discussed  in  Chapter  XL  The  assumption  of  this  inheritance 
is  a  fundamental  part  of  the  Lamarckian  explanation  of  evo- 
lution.) 

Sec(md,  certain  characters  i)eculiar  to  sex  are  inherited  only 
according  to  sex  and  not  by  all  the  young.  Tliese  characters 
include  not  only  the  difTcTing  repnKluctive  organs  themselves, 
but  those  many,  various,  and  often  most  remarka))ly  developed 
so-called  secondary  sexual  characters,  such  as  the  tufts  and 
plumes  ami  brilliant  plumage  of  male  birds,  the  antlers  of  nude 
deer,  the  S|)ecialized  antenme,  skeletal  processes,  and  color  pat- 
terns of  many  male  insiM*ts,nnd  the  nHlueiHl  wings  of  many  female 
insei'ts,  etc.,  etc.  Kvcn  in  cjisc^  of  partlicnogenetic  reproduc- 
tion (i.  e.,  repnHluction  in  whi<'h  the  male  takes  no  part),  sex  and 
the  w»x  characters  of  the  offspring  have  no  tlirect  relation  to  the 
sex  and  .sex  characters  of  the  mother.  The  queen  honey  bee 
produces,  in  fact,  ex<*lusively  drones  (male  \hh^)  when  she  lajTi 
unfertilizcnl  eggs,  wliile  on  the  contrary  tlie  parthenogenetic 
offspring  t>f  tlie  Aphids  (|>lant  lice)  are  all  females  for  s(»veral 
generations,  and  then  in  a  single  generation  Intth  malt^  and 
females. 

Finally,  certain  {mrental  chara<*ters,  cvrn  though  hla.stogenic, 
may  not  ap|M*ar  in  the  offspring,  but  be  inluTitrd  by  them  in 
latent  condition,  to  apiM^ar  in  their  young  or  ]x*rlia|)s  even  in  a 
later  generation.  It  is  «)bvious.  t<M»,  that  whcrr  a  certain  char- 
acter in  the  mother  is  repn*s4»iit4Hl  in  the  father  by  one  of  op|x>- 
site  condition,  im  where  the  mother  is  verv  sliort ,  the  father  ver\' 
tall,  the  mother  a  brunette,  the  father  light-haired,  a  given  child 
can  inh(*rit  the  character  in  onlv  one  eoiitlition.  That  is.  in  all 
ca.*M»s  (»f  bi|>iirental  repnHluction.  and  they  compose  tlH»  majority 
of  cases  in  )M)th  animal  and  plant  kingdoms,  the  inheritiH.!  char- 
acters eannot  Ik*  all  thosi'  |M)s.st^m'd  by  ImiiIi  |>arents.  but  must 
Im»  either  thos<»  of  one  or  the  otiier.  or  a  mosair  of  tln'm,  or  a 
blend  or  fasionof  them.     And  this  intHnluces  us  to  that  phase 


I  grantnl,  hut  llie  actual  degree  of  phylolit  rt^Iatiotisliip  iiccesHary 
Mil  fertile  tiiatini^  is  ti  jMiint  of  niiich  IhoIukic  iiit.ere»t.     In  most 

»  both  parents  must  Iteloiig  to  t)ie  same  species  or  kind,  but 
Ikmoiig  aniinaliD  anil  plants  there  have  been  noted  exceptions 
I  to  this  rule,  these  exceptions  constituting  the  facts  of  hybndi- 
Baation. 

Hybridism  is  pmctically  hmited  to  mating  of  different 
Bspcrics  of  the  same  genera.  Only  in  a  few  rrcortleil  cases  liavc 
Torganism't  of  different  genera  mateil  in  nature  with  the  produo- 
itiun  of  offspring.     In  zoological  gardens  and  menageries  the 
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race  feeling  of  the  confined  animals  seems  to  break  down^  and 
unusual  cases  of  hybridism  are  occasionally  noted.  Also  men- 
tion must  be  made  of  the  artificial  induction  of  the  fertilisation 
of  sea-urchin  eggs  by  the  sperm  cells  of  starfishes  (aninuUs  not 
only  of  different  genera  but  of  different  families) ,  and  a  few  other 
similar  exceptional  cases  accomplished  by  Ix>eb  and  other  ex- 
perimenters. In  many  examples  of  hybridism  the  immediate 
offspring  are  unable  to  produce  young  and  so  no  continuous 
series  of  generations  results.  In  other  fewer  cases  the  off- 
spring of  hybridization  are  fertile,  and  thus  c<mstitute  the 
beginnings  of  a  new  race  or  variety  of  animal  or  plant.  Many 
of  our  donie8ti(*ated  animal  races  and  cultivated  plant  varie- 
ties have  originated  by  hybridism  often  artificially  induced 
by  man. 

For  the  most  part,  however,  Iwth  parents  of  any  brood  of 
young  belong  to  the  same  s|)ecie8,  ami  hence  they  are  at  least  as 
like  each  other  as  the  other  members  of  the  same  species 
have  to  be.  But  this  may  still  jx^rmit  groat  superficial  dissimi- 
larity: many  attributes,  such  as  size,  color,  texture,  outline, 
etc.,  of  the  IxhIv  parts,  es|K»cially  the  external  ones,  may  1x5 
quite  <lifTerent.  For  within  any  8i)ecios  there  may  be  several 
subsix^cies  or  varieties,  the  individuals  of  all  of  which  arc 
ea|>able  of  fertile  mating  with  each  other.  And  even  where 
there  is  no  distinctly  recopjnizable  su!)spc<*ific  distinctions  there 
may  yet  1h»  much  su|H»rficial  dissimilarity  among  the  individ- 
uals coni|K)sing  a  single  siHM*ies.  So  in  all  studies  of  the  rt\sults 
of  heredity,  of  the  actual  inheritance  of  parental  characters,  the 
degree*  of  likeness  or  unlikcncss  of  tlie  parents  must  Ixj  taken 
into  account. 

So  tliat  the  "  laws  '*  of  henMlit  v,  jus  forniulatiMl  on  a  stu<lv  not 
of  its  mechanism  Init  of  its  results,  rcf<T  to  the  charartcr  of  the 
INirental  iniion,  whether  pure  or  crossinl,  and  if  rross^tl  whether 
the  parents  arc  of  different  varicti(»s  of  one  s|HM'i(*s  <»r  of  artually 
different  sjMM'irs.  As  a  matter  of  fact  the  <Tnssinu  of  pan^nts 
with  a  few  to  iiiaiiv  dissimilar  characters  lias  1m'«mi  tlie  actual 
means  of  getting  at  some  of  the  most  ini)H)rtant  eviilence  iis  to 
the  iM'havior  of  h4»n»<lit  v  that  we  liave.  For  the  verv  dissimilar- 
ity  of  \\w  parental  attributes  makes  it  possihh*  to  trace  in  the 
prog<»ny  of  succcHnling  generations  tlie  workinj^s  or  results  of 
heriMlit y  with  n»fen*nce  to  th<»si»  particular  <'haracters. 

(lalton's  l^w  of  Ancestral  Inheritance  niav  be  stattnl  in  few 
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worclfl,  although  for  an  understanding  of  the  character  of  the 
evidence  on  which  it  is  based,and  for  an  appreciation  of  its  whole 
significance  some  full  account  of  it,  preferably  Galton's  own 
statement  and  discussion  of  it  in  his  memoir  entitled  ''The 
Average  Contribution  of  Each  Several  Ancestor  to  the  Total 
Heritage  of  the  Offspring/'  publishwl  in  1897,  should  l>e  read. 
Fnim  a  study  of  the  carefully  kept  ixniigree  book  of  the  kennels 
of  the  Basset  Hounds  Club,  with  records  extending  through 
twenty-two  years,  and  a  study  of  inheritance  in  the  British 
Pwrage  made  possible  by  the  complete  genealogic  records 
kept  for  these  families,  together  with  a  consideration  of  va- 
rious other  less  detailed  but  at  least  helpful  records  of  inher- 
itance, Galton  formulated  the  statement  that  any  organism  of 
bisexual  parentage  derives  one  half  its  inherited  qualities  from 
its  parents  (one  fourtli  from  each  parent),  one  fourth  from  its 
grandparents,  one  eighth  from  its  great-grandparents,  and  so 
on.  These  suc<'essive  fracticms,  whose  numerators  are  one  and 
whose  denominators  are  the  successive  |X)wers  of  two,  added 
together  equal  one  or  the  total  inheritance  of  the  organism:  thus 

The  English  mathematician  and  natural  philosopher,  Karl 
Pearson,  has  made  computations  showing  that  Galton 's  law 
thus  simply  expressed  is  only  a  close  approximation  to  the 
actual  inheritance  relations,  and  that  the  fraction  indicating  the 
contribution  of  any  given  ancestor  must  be  slightly  modified 
by  introducing  into  it  another  factor.  In  general,  though, 
the  Galtonian  formula  received  a  very  general  acceptance 
among  biologists.  And  only  recently,  in  the  light  of  the  discov- 
ery of  MondeKs  investigations  and  conclusions  and  their  confir- 
mation in  essential  principle  by  the  recent  researches  of  various 
l)otanists  and  zoologist^),  has  Galton 's  law  been  looked  on  as 
altogether  too  simple  and  incomplete  a  formulation  of  the  facts 
of  inheritance.  It  is  not  yet  quite  certain  whether  Galton 's 
formula  is  c(msonant  with  the  Mendelian  formula  or  not.  But 
at  l)est  Gal  ton's  law  only  expresses  a  part  of  what  may  now  with 
confidence*  Ik»  said  to  l)e  known  of  the  regular  course  of  inher- 
itance. 

lief  ore  taking  up  the  actual  Mendelian  results  and  conclu- 
sions, however,  it  is  im|)ortant  for  us  to  note  the  different  modes 
or  kinds  of  Wiavior  of  inheritance  which  characteristics  may 
show  in  their  transmission.      Cuenot  has  made  a  rough  but 
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suggestive    classification    of    these    inheritance    categories    as 
follows: 

In  cross  matings — and  by  "cross  mating/'students  of  hered- 
ity do  not  necessarily  mean  mating  l)etween  distinct  species  or 
even  varieties,  hut  mating  l)etween  parents  which  disagree  in 
the  condition  of  one  or  more  specifically  referred  to  characteris- 
tifcs — in  cross  mating  between  the  parents  A  and  B,  if  we  con- 
sider a  single  pair  of  corr(»s|X)nding  characters  a  and  b  which 
differ  in  the  two  parents,  tlie  young  produced  by  the  crossing 
may  (1)  all  present  the  same  parental  character  a  without  any 
trace  of  the  character  b,  the  character  a  In'ing  then  termetl 
dominant  or  pre|M)tent  or  prevalent,  the  other  recessive  or 
latent ;  or,  (2)  the  young  may  all  agree  in  presenting  a  new  char- 
acter differing  from  the  pan^ntal  characters  a  and  b,  this  new 
character  a|)parently  being  a  siin|)le  |)hysical  mixture  or  a  real 
chemical  combinaticm  or  bh^nding  of  a  and  b\  or  (ii),  the  young 
may  differ  from  on(»  an(»ther  in  regard  to  the  |)arental  characters 
a  and  b,  some*  showing  the  chanictcT  a,  some  showing  the  char- 
acter b:  or  (4)  th(^  young  may  difTcr  among  thcmsclvf^s  in  regard 
to  the  <*har:ict(MS  (/  and  h,  sonic  showing  the*  (•hara<*ter  «,  some 
the  character  b,  ami  some*  various  i-haracters  intermc^iiate  l>e- 
tween  (;  and  />;  or  ('>)  the  young  may  show  the  characters  a  and 
b  side  by  side  in  each  individual  in  snuill  se|)arated  j^arts,  <»ven 
in  neighlM)ring  but  distinct  cells.  These  (lifT(»renc(\s  undoubt- 
edly d(»|>en(l  |)artly  on  the  nature  of  the  characteristics  tlu»m- 
w»lves,  partly  on  the  kind  of  organism,  and  partly  on  extrinsic 
infiuences.  It  is  obvious  also  that  for  certain  characteristics  by 
no  nutans  all  five  of  these  ways  are  open.  .Manv  characters  are 
so  wholly  antagonistic  that  no  blend  nor  any  mosaic  of  them  can 
occur  in  a  single  individual,  heaving  only  ways  (1)  ami  (H),  viz.. 
exclusive*  or  alternative  inlu  ritance  open  to  tin  ni. 

T(»  these  fiv(»  general  categories  of  the  actual  transmission 
of  certain  obvious  parental  characters  may  lier<'  be  adde<i  for 
ctmsideration  those  cases  of  the  appearance  in  the  yoimg  of  a 
character  or  characters  havinu:  no  ob\  ious  relation  to  (Mther  ri 
or  b,  but  sometimes  explicable  as  reversions  or  reap|M»arances 
of  characters  |M)ssesse<l  by  ancestors  nion*  or  less  remote  and 
other  times  as  obviously  wholly  new  an<l  heretolore  never  ex- 
istent characters  which,  if  pronoun<-e<|,  are  c:i!Iim|  *'s|M)rts"  or 
sudden  or  discontinuous  variations.  .\l<o  must  be  taken  into 
account  the  |M>.ssible  ap|H*arance  among  the  young,  of  a  few  to 
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many  individuals  showing  many  simultaneous,  usually  slight 
but  real  differences  from  the  parents  in  various  parts  and  func- 
tions. These  are  the  differences  called  mutations  by  de  Vries 
and  his  followers,  and  are  the  basis  of  the  at  present  consid- 
erably accepted  theory  of  species-forming  by  heterogenesis  or 
sudden  complete  fixed  modifications  of  organic  types.  In  the 
light  of  the  ol)servations  and  experiments  of  de  Vries,  these  mu- 
tations are  of  special  importance  in  any  consideration  of  hered- 
ity and  variation.  (Sec  p.  157,  Chapter  IX,  for  a  brief  account 
of  these  mutations.) 

The  M(indelian  "laws"  apply  only,  probably,  to  certain  par- 
ticular categories  of  inheritance,  or  rather  categories  of  char- 
acters. That  is,  so  far  as  worked  out,  the  Mendelian  principles 
seem  to  have  definite  application  only  to  cjisos  of  inheritance  in 
which  the  characteristics  under  observation  are  mutually  ex- 
clusive or  alternative  in  character;  categories  (I)  and  (3)  in 
our  list  in  a  preceding  paragraph  are  the  only  ones  under  the 
rule  of  the  Mendelian  principles,  and  tliere  are  even  some  ex- 
ceptions in  these  categories.  The  various  other  kinds  of  inher- 
itance, called  blended  or  combincKl  (where  the  two  characteristics 
fuse  or  blend  to  form  a  new  condition),  and  mosaic  or  par- 
ticulate (where  both  parental  characteristics  exist  side  by  side 
in  each  individual  among  the  young),  apparently  re<piirc  for 
their  explanation  something  Iwsides  the  Mendelian  principle. 

At  some  time  between  1855  and  1S65  Gregor  Johann  Mendel, 
an  August inian  monk  in  the  small  Austrian  village  of  Briinn, 
carrie<l  on  in  the  gardens  of  his  cloister  |XMligree  cultures  of  peas 
and  some  other  plants  from  which  he  derive<l  data  which  he  read, 
together  with  his  interpretation  of  their  significance,  before 
meetings  of  the  Natural  History  Society  of  Briinn,  and  which 
in  the  same  year  of  their  reading  (1865)  were  published  under  the 
title  "  ExjK^riments  in  Plant-hybridization/'  in  the  Abhand- 
lungen  (vol.  iv),  of  the  society.  Mendel  was  the  son  of  a  peas- 
ant, and  had  been  educate<i  in  Augustinian  foundations  and 
or(laine<l  a  priest.  For  t^o  or  three  years  he  studied  physics 
and  natural  science  in  Vienna,  and  refers  to  himself  in  one  of  his 
papers  as  a  student  of  Kollar.  He  became  abbot  of  his  cloister, 
and  was  for  a  time  president  of  the  Briinn  Natural  History 
Societv.  Such  are  the  essential  details  of  the  education  and 
work  of  tlie  man  whose  name  will  undoubtedly  live  forever  in 
the  annals  of  biological  science. 
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Mendel's  princiiml  datm  mere  derived  from  the  memg  of 
vftrieCies  of  peas  (Pimm  mtiintm)  in  which  he  found  aeverml  pmn 
of  weU-marked  contrasting  chAracteis.  Bateson  gives  a  clear 
and  concise  summary  account  of  Mendel's  methods  and  results 
which  we  quote  in  the  following  paragraphs.  For  the  purposes 
of  his  experiments  Mendel  selected  seiren  pain  of  characters  as 
follows: 

1.  Hhape  of  ripe  seed,  whether  round;  or  angular  and 
wrinkhd. 

2.  Color  of  ^endospprm  "  (cotyledons),  whether  some  shade 
of  yellow ;  or  a  more  or  Ictw  intense  green. 

3.  (Vilor  of  the  ftrxxl  skin,  whether  various  shades  of  gray  and 
gray-l>rown ;  or  white. 

4.  Kha|w  of  seed  |Kxi,  whether  simply  inflated;  or  deeply 
constricted  Ijetween  the  Hcedn. 

5.  Color  of  unripe  |xxl,  whether  a  shade  of  green ;  or  a  bright 
yellow. 

6.  Natiiri!  of  infloroscenre,  whether  the  flowers  arc  arranged 
along  tlie  axin  of  the  plant ;  or  are  tcTniinal  and  form  a  kind  of 
umlN^I. 

7.  U*nf(th  of  st(»ni,  whether  alnnit  six  or  seven  feet  long, 
or  alNiut  thn'c  fourths  to  one  and  one  half  feet. 

"iMTKf  iiiiiiiInth  (»f  (*n)ss(*s  worr  made  U*tween  {)ea8  diffrrinf;  in 
reMiNM't  of  nnr  of  varU  of  th<*M*  pHirs  of  rhurartrrs.  It  was  found  that 
hi  ca(*h  f*aM*  the  ofTspriii^  of  th(*  (tohs  exhihit<*<l  the  character  of  one 
of  the  parent M  in  ahiiost  undimini8he<l  intenKity,  and  intermc<liate8 
which  could  not  lie  at  onn*  referred  to  one  or  other  of  the  parental 
forma  wen*  not  found. 

*'  III  thi'  caw  of  each  pair  of  (>haracterH  then*  is  thus  one  which  in 
IIh*  firnt  chmh  pn^vails  to  the  cxchision  of  the  other.  This  prevailing; 
character  Mendel  calls  the  (iominani  character,  the  other  InMiig  the 
nri'iiAic*  character.' 

'•'Hial  the  cxisleiKi*  of  such  *<ioniinan*  '  ami  'nv'essive*  charae- 
tern  is  :i  frr<|uent  |»heiionienon  in  cn»ss  hnMulin^,  is  well  known  to  all 
who  have  al!cn«l<Ml  to  these  suhjccts. 

"  Hv  IctliiiK  the  cn»ss-l»nMls  fertilizt*  theinsi'lves  Mendel  next  raised 
aiiolhcr  Krticrati«Mi.     In  this  pMieration  wen*  iiulividuals  which  showed 


'*'\i»i»'  that  l»y  \\u*>i*  novrl  tonns  tht*  roniplicatioiis  inv<»lved  by  the 
um'  lit  thr  «*\|trcw»ion  *pn*|H>tenr  an' uv«Mdt^i." 
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the  dominant  character;  but  also  individuals  which  presented  the 
recessive  character.  Such  a  fact  also  was  known  in  a  good  many 
instances.  But  Mendel  discovered  that  in  this  generation  the  numer- 
ical proportion  of  dominants  to  recessives  is  on  an  average  of  cases 
approximately  constant,  being  in  fact  as  three  to  one.  With  very  con- 
siderable regularity  these  numbers  were  approached  in  the  case  of 
each  of  his  pairs  of  characters. 

''There  arc  thus  in  the  first  generation  raised  from  the  cross- 
breds  seventy-five  per  cent  dominants  and  twenty-five  per  cent  re- 
cessive^. 

''These  plants  were  again  sclf-fcrtilizod,  and  the  offspring  of  each 
plant  separaU^ly  sown.  It  next  api)rarod  that  the  offspring  of  the 
recessive  rcmaxnai  pure  recessive,  and  in  subsc(iucnt  generations  never 
produced  the  duniinant  again. 

"  But  when  the  seeds  obtained  by  self-fertilizing  the  dominants  were 
examine<i  and  sown  it  was  found  that  the  dominants  were  not  all  alike, 
but  consisted  of  two  classes:  (I)  thase  which  gave  rise  to  pure  dom- 
inants, and  (2)  others  which  gave  a  mixed  offspring,  composed  partly 
of  recessives,  partly  of  dominants.  Here  also  it  was  found  that  the 
average  numerical  proiwrtioiis  were  constant,  those  with  pure  domi- 
nant offspring  being  to  those  with  mixed  offspring  as  one  to  two. 
Here  it  is  seen  that  the  seven ty-five-per-cent  dominants  are  not  really 
of  similar  constitution,  but  consist  of  twenty-five  which  are  pure 
dominants  and  fifty  which  are  really  cross-breds,  though,  like  the 
cross-brods  raised  by  crossing  the  two  original  varieties,  they  only 
exhibit  the  dominant  character. 

"To  resume,  then,  it  was  found  that  by  self-fertilizing  the  original 
cross-breds  the  same  proportion  was  always  approached,  namely: 
25  dominants,  .W  (Toss-breds,  25  recessives, 
or  ID  :  2DR  :  IR. 

"Like  the  pure  recessives,  the  pure  dominants  are  thenceforth 
pure,  and  only  give  rise  to  dominants  in  all  succeeding  generations 
studicfl. 

"On  the  contrary  the  fifty  cross-breds,  as  stated  above,  ha\'e 
mixe<l  offspring.  But  these  offspring,  again,  in  their  numerical  pro- 
portions, follow  the  same  law,  namely,  that  there  are  three  dominants 
to  one  recessive.  The  rec(»ssives  are  pure  like  those  of  the  last  genera- 
tion, but  the  (iominants  can,  by  further  self-fertilization,  and  exam- 
ination or  cultivation  of  the  seeds  phmIucchI,  \yc  again  shown  to  be 
made  uf>  of  f)urc  dominants  an<i  cross-breds  in  the  same  proportion 
of  one  dominant  to  two  cross-breds. 
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"Hie  process  of  breaking  up  into  the  parent  forms  is  thus  ron- 
tinued  in  each  succesmve  generation,  the  same  numerical  law  being 
followed  so  far  as  has  yet  been  observed. 

"Mendel  made  further  experiments  with  Pisum  sativum,  crossing 
pairs  of  varieties  which  differed  from  each  other  in  tvoo  characters, 
and  the  results,  though  necessarily  much  more  complex,  showed  that 
the  law  exhibited  in  the  simpler  case  of  pairs  differing  in  respect  of  one 
character  operated  here  also. 

"In  the  case  of  the  union  of  varieties  .4^  and  ab  difTering  in  two 
distinct  pairs  of  chara(*t<*r8,  A  and  a,  B  and  h,  of  which  .1  and  B  are 
dominant,  a  and  6  re<'e8sive,  Mendel  found  that  in  the  first  croHs-bred 
generation  there  was  only  one  class  of  ofT8))riiiK,  really  AaBb. 

"But  by  reason  of  the  doniiiiaiici*  of  one  character  of  each  jnut 
these  first  crosses  were  hardly  if  at  all  distinguishable  fn>ni  AB. 

"By  letting  the  AaBb*^  fertilize  themselves,  only  four  claases  of 
offspring  seemed  to  be  prcMiuccd,  namely : 
"AB  showing  both  dominant  characters. 
"Ab  showing  dominant  A  and  nM^^sHivc  b. 
"  aB  showing  rcMf'ssivo  a  and  dominant  B. 
"  ab  showing  l)oth  r<»c<»ssivo  charac'tcrs  a  and  b, 
"The  numerical  ratio  in  wliich  these  <*la8.sc\s  apix^ared  was  also 
regular  and  approached  the  ratio 

9AB  :3.l/)  '.liaB  :  \nb, 
"But  on  cultivating  these  plants  and  allowing  them  to  fertilize 
themselves,  it  was  found  that  the  niemlM^s  of  the 
liatios 

1  ab  class  prrwhux*  only  ab*n. 

^    il  aB  dasH  may  prcKhice  either  all  a/^'s, 
(  2        or  lK)th  aB*n  and  ab'H. 

'lass  may  pro<iuce  either  all  .W/s 
or  lH)th  Ab*n  and  (ib*H, 
1  .1/^  class  may  pr<Mluc<»  eitluT  all  AB'a 
.2         or  lM)th  .1/r.s  and  Ah\ 
•^    ^  2         orN)th.l/r«ancl/i/rs. 

4  or  all  four  |M)ssible  clash's  a^^ain, 

namely,  .l/^s,  .46V,  u/^s,  and  /I'/s, 
and  the  average  numlxT  of  nienilKTs  of  each  class  will  approach  the 
ratio  1:3:3:9  as  indicated  al>ov(\ 

"Tlie  details  of  thes<>  ex|ieriinents  and  of  others  Hke  them  nmde 
with  thnr  {mirs  of  differentiating  characters  are  all  set  out  in  .Mendel's 
aoir." 


(  1  -46  cl 
( 2        oi 
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Perhaps  the  most  striking  thing  about  Mendel's  work  is  the 
singularly  suggestive  and  luminous  interpretation  which  he  gave 
of  just  why  the  pea  characteristics  were  transmitted  exactly 
as  they  were;  why,  in  general,  the  peculiar  numerical  ratio  be- 
tween dominant  and  recessive  should  he,  and  why  it  should 
persist  so  uniformly.  This  interpretation  or  explanation  is  now 
well  known  in  biology  as  the  theory  of  the  "  purity  of  the  germ 
cells,"  or,  as  Cuenot  has  called  it,  the  theory  of  ''gamitea  dis- 
joints ^'^  or  **la  disjoTiction  des  character es  dans  les  gametes  des 
hybrides"  (the  separation  of  characters  in  the  germ  cell  of 
hybrids),  the  Spalttingsgesetz  of  de  Vries. 

This  interpretation  is  simply  that  in  the  young  of  the  first 
generation  after  a  cross-mating,  although  because  of  dominance 
but  one  of  the  contrasting  pair  of  parental  characters  will  show 
itself  in  the  IxkIv  make-up,  yet  when  these  young  form  their 
germ  cells  the  two  parental  characteristics  will  be  represented, 
but  only  one  in  any  one  germ  cell;  that  is,  in  the  case  of 
Mendel's  j^eas  that  tlie  |)ollen  cells  and  ovule  cells  produced  by 
the  cross-bred  young  would  carry  each  one  of  the  alternative  or 
mutually  (exclusive  parental  varietal  characters.  If  this  were 
the  case  and  if,  on  an  average,  the  |)ollen  cells  and  ovule  cells 
were  evenly  divided  as  to  the  two  characteristics,  then  by 
miscellancH)U8  or  random  mating  (mating  according  to  the  law 
of  probabilities)  between  these  cells  we  should  get  in  the  de- 
veloped young  just  such  conditions  with  regard  to  the  con- 
trasting characteristics  as  Mendel  actually  did  get  in  his  peas. 
For  twenty-five  |)er  cent  of  the  jxJlen  grains  representing  the 
dominant  character  would  unite  with  twenty-five  per  cent  of  the 
ovule  cells  representing  the  dominant  character,  twenty-five  per 
cent  of  the  recessive  j)ollen  grains  with  twenty-five  per  cent 
of  the  recessive  ovule  cells,  and  the  remaining  fifty  per  cent  of 
each  kind  with  each  other;  that  is,  of  every  four  ix)llen  grains  and 
every  four  eg^  cells  we  should  get  by  random  ])ollination  1  ]X)llen 
dominant  X  1  ovule  dominant ;  1  |X)llen  recessive  X  1  ovule  re- 
cessive; 1  |K)llcn  dominant  X  1  ovule  recessive;  1  |X)llen  reces- 
sive X  1  ovule  dominant.  This  condition  would  bring  it  about 
that  the  fully  develo|)ed  young  would  show  the  contrasting 
characteristics  (remembering  the  dominance  of  one  of  the  char- 
acteristics in  those  cases  in  which  dominant  and  recessive  are 
unite<l).  in  this  condition:  31).  IR.  Which  is  exactly  what 
occurred  in  Mendel's  peas,  and  has  since  been  noted  to  occur 
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in  many  other  cases  recorded  by  post-Mendelian  observers  and 
e3q)erimenters.  These  records  are  of  both  plants  and  animals, 
and  are  fast  multiplying. 

Thus  the  so-called  Mendelian  laws  of  heredity  refer  to  two 
phases  of  the  problem  of  inheritance — viz.:  (1)  how  inherited 
characters  are  actually  distributed,  and  (2)  the  fundamental 
cause,  lying  in  the  germ  plasm,  for  this  particular  kind  of  dis- 
tribution. Like  Galton's  formula,  Mendel's  law  expresses  the 
regularity  of  heredity  based  on  actual  recorded  statistics  of 
inheritance;  but  it  also  gives  a  satisfying  fundamental  reason  for 
this  regularity.  Biologists,  with  few  exceptions,  see  in  the 
establishment  of  the  Mendelian  principles  of  heredity  in  biologic 
science  the  greatest  advance  toward  a  rational  explanation  of 
inheritance  that  has  been  made  since  the  beginning  of  the 
sdentific  study  of  the  problem. 

The  extraordinary  fact  that  Mendel's  work  lay  practically 
unnoted  for  thirty-five  years  (actually  the  only  reference  to  it  in 
scientific  " literature  "  in  all  that  time  seems  to  have  been  one  bv 
Focke  in  ISSl  in  Die  Pflanzenmischliruje,  p.  10^)),  has  be<m 
partly  explained  by  Huteson  as  due  to  the  driving  interest  felt 
through  all  that  time  by  biologists  generally  in  other  phases  of 
investigation;  but  it  remains  a  curious  commentary  on  tho 
possibilities  of  the  temporary  obscurity  that  nuiy  Ik»  in  store  for 
even  the  best  scientific  work.  The  "discovery"  of  Mendel's 
work  seems  to  have  Ix^en  made  in  1900  by  three  investigators 
almost  sinuiltaneously,  who  also  discovorcHl  inde|K»ndently  tlie 
same  important  facts  of  the  transmission  In^luivior  in  inlu»ritance 
of  exchwive  or  alternativo  charactcTistics.  Thc»s<»  nH»n  are  ile 
Vries,  Tschennak,  and  (Wrens,  and  their  published  pa|>ers  not 
only  verify  Menders  i)artirulur  work  on  the  ih»jis,  but  confirm 
his  principh's  or  laws  on  the  basis  of  nuich  a<I(Ie<I  <»x|H»rimenta- 
tion  and  ol>s<Tvation  on  other  plants.  In  the  last  five  years 
zotilogists,  notably  von  (hiaita  working  with  mire.  Cuenot, 
Darbishire.  I)aven|K)rt,  Batt^son  and  Castle  with  mire,  rabbits, 
guinea-pigs  and  chiekens,  MelYaeken  with  etTtain  heetU^s.  and 
Toyania.  Mrs.  Bell  an<l  Kellogg  with  silk  worms,  have  .shown 
that  Mendelian  principles  obtain  in  animal  as  well  as  in  plant 
inheritance.  For  the  results  of  all  of  these  investigations  in 
large  measure  confirm  our  eonfid«»nre  in  the  Mendelian  prin- 
ciples of  dominance  and  ree«»ssivity  and  of  the  purity  of  germ 
cells.     But  also  in  nearly  all  of  these  studies  the  invi^stigators 
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have  found  some  inconsistencies  and  have  caught  glimpses  of 
other  principles  which,  when  finally  grasped,  will  undoubtedly 
considerably  limit  the  application  of  Mendel's  laws,  but  will, 
almost  certainly,  not  detract  from  their  importance,  nor  lessen 
in  any  degree  the  high  place  in  science  that  belongs  to  the 
patient,  persistent,  clear-minded  Augustinian  monk  of  the 
cloister  gardens  of  Briinn. 

One  of  the  modifications  of  the  Mendelian  behavior  of 
hybrids  which  has  been  shown  to  exist  in  certain  cases,  is  that 
the  young  of  the  cross-mated  parents  may  not  all  exhibit  in 
the  same  degree  the  dominant  characteristic,  although  in  the 
subsequent  generations  the  regular  Mendelian  three-to-one 
splitting  up  into  dominant  and  recessive  ap|>earance  may 
occur.  Tlie  young  of  the  first  generation  may  include  a  very 
few  individuals  showing  the  recessive  character,  as  de  Vries  found 
in  mating  two  varieties  of  Papaver  somnijerum  (ninety-seven 
per  cent  showed  the  dominant  character,  three  per  cent  the  re- 
cessive). Or  the  first  generation  may  show  a  sort  of  pseudo- 
blend  condition,  approaching  but  not  duplicating  exactly  the 
dominant  characteristic,  as  occurs  when  Hyoscyamiis  palliduB 
is  crossed  with  H,  niger  (de  Vries,  *'Dic  Mutationstheorie," 
Bd.  II.,  p.  162.) 

•  When  silkworm  moths  of  the  race  Shanghai,  with  white 
cocoons,  are  crossed  with  moths  of  the  race  Yellow  Var.  with 
rose-yellow  cocoons,  the  hybrid  offspring  make  straw-yellow 
cocoons  of  a  tint  just  between  the  two  parent  tints.  The  color- 
ing matter  of  the  grai>evine  Aramon  has  the  chemical  formula 
C46H36O20.  a^^d  the  coloring  matter  of  the  race  Teinturier  has 
the  formula  C44H40O20:  the  hybrid  offspring  called  Petit- 
BotischetyOf  a  crossing  of  these  two,  has  coloring  matter  of  the 
formula  C45H38O20,  exactly  intermediate.  Mondol  himself  got 
as  the  result  of  a  cro.s.sing  bctwt»en  two  |>ea  races,  one  one  foot 
in  height  and  the  other  six  feet,  hybrids  measuring  from  six 
to  seven  and  one  half  feet  high.  These  are  s|)ecific  cases  of 
blended  inheritance  and  there  are  manv  others  known. 

Also  when  the  plant  Mirabilis  jalapa  9  ,  with  re<l  flowers, 
is  crossed  with  a  male  variety  with  white  flowers  the  hybrid 
offspring  exhibit  red  flowers  (maternal  type),  white  flowers 
(paternal  tyi)e),  and  flowers  streaked  with  tlie  two  colors.  So 
when  corn  with  blue  kernels  is  crossed  with  corn  with  white 
kernels,  a  hybrid  is  obtained  exhibiting  on  a  single  ear  blue 
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komols,  white  komela,  kmicb  of  intiTiriciimtc  hliiidli-whilt  tint 

and  kernelHKln-nkcd  with  bhie  nntl  white.     Tliestrwikwl  llnni'is 

ami  UiTitrbi  of  {Iifsc  two  riiscs  aro  due  to  iniMaic  tiihmtAncr. 
Or  I  he  a|>|farenl 
(loniliiimce  of  thr 
<-niitriiH(iiig  rharac- 
It^riiiticH  may  tin 
proved  to  have 
miiacthiiig  of  mil 
dominjincc  alxiut  it, 
as  Miss  MeOackeii 
hiis8<i  ck>arly  tiliuwn 
in  hpr  stuilies  of 
tho  iid)«ritanre  ai 
dirhromatism  in  ihv 
Uttli>  Ix^tlfa  Litm 
Uipjumuit  (Fig,  117) 
and  Oaatroidea  du- 
ttimiliK.      Hvre    th<' 

.J,     L first    two    or    tUrw 

^riHi.  n^wini<iii>«  Ukwi  ai    Ki*neratiom»    lx'ha\«^ 
(Mb  uuitniit  iwroDt.    (AfM  •!>  VHw.)  in     truu     Mcndrliai) 

manner,    hut     witl> 

Ruccosxivc  f^noratinnt*  the  doiiiiimnt  character  is  phiinly  w-en  to 

be  ^ruthinllv  e\tint;iibhin);  the  rwi-swivp  rharncter  in  tlw?  emiw- 

brwl  Rnnips,  BO  that  in  lliesevenih  KCTicraliun  aftor  Itn-'orinUial 

rnisf^niatinj:  the  Mcnde- 

Uan   ratio  of  2   to   1   in 

the   pro»*-tiri-il   (tn)n|i  in 

ehanged  tii  'JM  to  I. 
Tliere  may  cK-ciir  also 

a  Im-Aking  iqi  or  d<*r<irn- 

position  of  the  iHircnlal 

varietal  charactern,  which 

limy  mcun  tlint  the  domi- 
nant anil  reccnsive  <'har- 

artcni    ans    not    Kimple 

onc«  but  are  complex  — 

i.  e.,  mally  the  rnHultant  of 

H  may  mi?nn  that  there  exiKt^i 

type  and  that  the  siimuluii 


■bmiBC  ultnualini 


'end  rnmbintii  chariiclcrijitira;  or 
n-al  infltahility  in  the  parent 
loncc  of  Ihe  croRN-maling  ia  all 
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that  is  needed  to  break  down  this  weak  apparent  stability  of  the 
ty|)e  and  allow  its  component  characters  (the  elementary  units 
of  de  Vries)  to  recombine  into  various  new  and  differing  types. 
Tliis  condition  seems  to  l)e  that  which  results  in  the  extraordi- 
nary variation  so  commonly  observed  by  plant  and  animal 
breeders  as  brought  out  by  hybridization,  and  which  is  con- 
stantly made  use  of  by  these  breeders.  Luther  Burbank  de- 
pends very  largely  on  this  initial  abundant  and  eccentric  varia- 
tion induced  by  wide  hybridizations  for  "  starters  "  for  his  work 
of  producing  "new  creations." 

So  in  accepting  Menders  laws  of  heredity  we  must  bear 
clearly  in  mind  that  they  by  no  means  apply  to  all,  or,  at  any 
rate,  that  our  present  knowledge  of  them  does  not  include  their 
appHcation  to  all,  cases  and  categories  of  inheritance. 


CHAPTER  XI 
INHERITANCE   OF  ACQUIRED  CHARACTERS 

Tout  ce  qui  a  ^t^  acquis,  trac^  ou  chang6  dans  i'or|[;ani8ation  des 
individus,  pendant  le  cours  de  leur  vie,  est  (^onserv^*  par  la  f^n^ration 
ei  transmis  aux  nouveaux  indi\ndus  (|ui  proviennent  de  eeux  i\m  ont 
aprouv^  ces  changements. — Lamarck. 

Heaven  forfend  me  from  Lamarck  nonsense  of  a  tendency  to  pro- 
gremon,  adaptation  from  the  slow  willing  of  animals,  etc. ;  but  the 
conclusions  I  am  led  to  are  not  wholly  different  from  his,  though  the 
means  of  change  are  wholly  so. — Darwin  to  Hooker,  1848. 

Thk  "fourth  Law  of  Kvolution/'  as  expresstHl  hy  I^marck 
in  his  "Zoological  Philosophy/'  reads  as  follows:  **.A11  that  has 
been  ac<|uircHL  l)ogun,  or  changed  in  the  structure  of  individuals 
in  their  lifetime,  is  pr(»served  in  reprcnluction  and  transmit tcnl  to 
the  new  individuals  which  spring  from  those  which  have  in- 
herited the  change." 

This  principle  was  used  by  Limarck  as  one  of  the  funda- 
mental elements  in  his  theory  of  the  transmutation  of  S|x>cie8. 
For  nearly  a  hundred  years  it  attracted  little  attention,  Ixnng 
accepted  as  a  part  of  the  law  of  liereility  by  most  j>ersons,  even 
by  those  most  op|)oseil  to  the  es-sential  part  of  Lamarck's  theor}', 
the  derivation  or  transnmtation  of  sjmhmcs.  .Among  others, 
Darwin  accepted  it  as  one  of  the  factors  in  evoluticm  of  forms. 
With  Herl)ert  S|)encer  it  l>ecame  one  of  the  fundamental  prin- 
ciple's of  the  philosophy  of  Kvolution.  Mr.  S|HMicer  states  the 
proiN)siti(m  in  this  way:  "Change  of  function  producers  change 
of  structure:  it  is  a  tenable  hy|K)tlu*sis  that  changes  of  structure 
so  prcKluccnl  are  inheritcHl."  For  the  supih)S(m1  inheritance  of 
characters  prcxluciHl  by  the  im]>act  of  environment  or  by 
n*sultant  activiti<»s  of  tlie  individual  the  t«»rm  pn>gn^sive 
hereility  lias  been  devised.    The  fact  of  the  existence  of  pro» 
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gressive  heredity,  more  or  less  taken  for  granted  by  writers  of 
the  last  century,  was  flatly  denied  by  Dr.  August  Weisnmnn, 
who  insisted  that  it  was  necessary  that  the  theory  of  the 
inheritance  of  characters  acquired  in  the  lifetime  of  the  indi- 
vidual should  no  longer  be  accepted  without  definite  proof. 

In  the  theory  of  heredity  through  the  development  of  the 
germ  cell  controlled  by  influences  exerted  by  structures  within 
the  nucleus,  Weismann  found  no  room  for  the  inheritance  of 
characters  not  preestablished  within  this  germ.  External  in- 
fluences in  general  cannot  reach  the  germ  cells,  and  throughout 
nature  tlie  germ  cells  are  elalK)rately  protected  from  the  direct 
influence  of  external  conditions. 

This  attack  upon  an  ancient  theory  roused  its  supporters 
to  defend  their  faith  and  to  search  for  evidence  to  supjwrt  it. 
A  temix>rary  division  of  naturalists  into  two  schools  arose  as  a 
result  of  this  discussion.  Those  who  held  with  Lamarck  and 
Sj)encer  that  characters  gained  in  the  life  time  of  the  individual, 
and  not  receiveil  from  ancestors  ]X)ssessing  them,  became  hered- 
itary, wore  known  as  Neo-Lamarckians.  Those  who,  with 
Weismann,  denied  the  existence  of  this  factor  and  from  a  neces- 
sity, real  or  fancied,  laid  special  stress  on  the  Darwinian  principle 
of  natural  seh»ction,  assumed  the  title  of  Neo- Darwinians.  In 
their  hands  the  Darwinian  principle  l>ecame  the  all-powerful 
factor  in  evolution,  a  theory  of  Allmacht  whicli  was  soon 
questioned  from  other  cjuarters  and  by  those  not  considered  as 
Neo-Lamarckians.  Prominent  among  the  leaders  of  the  Neo- 
I^marckians  were  Herbert  Spencer,  Haeckel,  Niigeli,  Cope, 
Eimer,  Hyatt,  (Jadow.  Dall,  Packard,  and  others.  Among 
the  recognized  Neo- Darwinians  were  Weismann,  Wallace,  Hux- 
ley, Clray,  Ikooks,  Lankester,  and  others. 

After  some  vears  of  controversv,  mostiv  theoretical,  the  dis- 

cussion  has  been  tacitly  dropped  by  biologists  generally.     It  is 

recognized  that  the  sole  crucial  test  is  that  of  experiment,  that 

exi)eriment  is  not  easy,  inasmuch  as  it  is  very  difficult  to  show 

that  any  given  trait  in  heredity  really  ])elongs  to  the  category 

of  ac(|uired  characters,  and  that  in  no  case  has  it  been  indu- 

bitablv  shown  that  anv  character  not  inborn  has  been  inherited. 

Moreover  the  studies  of  the  germ  cell  and  the  physical  basis  of 

heredity  tend  to  show  that  the  structures  of  the  germ  cell  are 

more  complex  and  that  the  processes  of  heredity  are  in  a  sense 

more  mechanical  than  could  have  been  supposed  in  the  time  of 
14 
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Lamarck  or  even  that  of  Danvin  or  Spencer.  The  chamdera 
shown  by  any  adult  individual  are  all  in  a  sense  actjuired  char- 
acters, their  development  dependent  largely  on  nutrition  and  on 
the  influences  of  environment.  The  facts  of  heredity  show  that 
it  is  not  the  actual  traits  of  the  parents,  but  rather  their  poten- 
tialities which  are  inherited.  Moreover,  acquired  characters 
are  simply  matters  of  degree  of  development.  They  represent 
in  no  case  anything  qualitatively  new.  Taking  the  modem 
theories  of  heredity,  it  is  ix^rhajw  not  conceivuble  that  "all  that 
is  acquired,  l)egun,  or  changed*'  in  the  physical  or  mental  life 
of  the  individual  should  [»roduce  a  corres|K)nding  change  in  the 
germ  cells,  or  in  the  cells  from  which  these  are  thrown  off. 

On  the  other  hand,  Dr.  Weismann  has  admittcnl  the  |x>s8i- 
bility  that  one-celled  animals  and  animals  of  simple  structure 
in  which  the  germ  cell  shanks  in  the  general  relation  of  the  l)ody 
cells  to  the  environment  may  l)e  effectetl  by  developmental  con- 
ditions. In  other  words,  the  inheritance  of  acciuinnl  characters 
may  l)e  a  reality  in  the  development  of  Protozoa,  the  simpler 
Metazoa,  and  the  lower  tyjMV  of  plants,  but  this  condition  tloes 
not  obtain  among  the  higher  forms. 

In  much  of  the  discussion  on  this  subject  the  term  "ac- 
quireil  characters  "  is  us<»d  with  an  uncertain  or  double  meaning. 
Tlie  term  should  Ix'  limited  to  traits  of  the  individual  which 
were  not  inlK)rn  or  bhistogenic,  and  would  not  be  exhibitcsl  in 
the  natural  or  usual  <ievelopnu»nt  of  the  individual.  In  general, 
such  traits  wouhl  aris<»  either  from  the  ojMTation  of  use  or  disu.**<* 
of  ])arts.  or  other  functional  stinuilation  deriviMl  from  the  en- 
vironment . 

An  illustration  of  an  ac<|uired  character  n'sulting  from  ust» 
and  disuse  would  Ik*  the  increa.s<Hl  size  of  the  arm  in  the  black- 
smith, or  the  decrejusinl  leg  muscles  of  the  tailor.  The  training 
of  a  nm.sician  or  of  a  matliematieian  would  give  increa-sinl  |Knver 
along  the  linc*s  of  the  training.  The  neglect  of  the  musieal  or  of 
mathematical  abilitv  woulrl  h»ad  to  the  n'lative  me<lioeritv  of 
this  form  of  ability.  H<lucation  in  a  g<»neral  way  iiH'reases  mental 
cajMicity:  neglect  of  (Mlucation  allows  it  to  be<*oin(»  relatively 
less.  The  supiK)S<»<l  inheritance  of  results  of  civilization  forms 
an  im|)ortant  part  of  the  philosophy  of  HerluTt  SjMMicer.  Is 
civiHzation  the  inheritanee  of  the  |M)wer  gained  l)y  past  sue- 
c<*ss4»s,  or  is  it  simply  the  actpiisition  of  tlie  machinery  which 
past  successes  have  produced?    As  to  this  Herbert  Si)encer 
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remarks:  "Considering  the  width  and  depth  of  the  effects 
which  the  acceptance  of  one  or  the  other  of  these  hypotheses 
must  have  on  our  views  of  life,  the  question,  Which  of  them  is 
true?  demands  beyond  all  other  questions  whatever  the  atten- 
tion of  scientific  men." 

Other  illustrations  of  the  supposed  effect  of  use  and  disuse 
are  thus  discussed  by  Dr.  Edwin  Grant  Conkhn: 

"In  the  first  place,  this  whole  line  of  argument  starts  with  the 
assumption  that  the  individual  habits  of  an  animal  are  inherited,  and 
that  these  habits  ultimately  determine  the  structure,  an  iissumption 
which  really  begs  the  whole  c]uestion ;  for,  after  all,  the  substratum  of 
any  habit  must  be  some  physical  structure,  and  if  modified  liabits  are 
inherited  it  must  be  because  some  modified  structure  is  inherited.  I 
take  an  example  which  will  serve  as  an  illustration  of  a  whole  class: 
Jackson  says  that  the  elongated  siphon  of  Mya,  the  long-necked  clam, 
is  due  to  its  habit  of  burrowing  in  the  mud,  or  to  (fuote  his  words: 
'  It  seems  very  e\ident  that  the  long  siphon  of  this  giMius  was  brought 
about  by  the  effort  to  reach  the  surface,  induced  by  the  iiabit  of  deep 
burial.'  It  certainly  would  be  pertinent  to  inquire  where  it  got  this 
habit,  and  how  it  hapi)ened  to  be  transmitted.  It  is  surely  as  diffi- 
cult to  explain  the  ac(|uisition  and  inheritance  of  habits,  the  basis  of 
which  we  do  not  know,  as  it  is  to  explain  the  acquisition  and  inheri- 
tance of  structures  which  are  tangible  and  visible.  Such  a  method 
of  procedure,  in  addition  to  begging  the  whole  (luestion,  commits  the 
further  sin  of  reasoning  from  the  relatively  unknown  to  the  relatively 
known. 

**This  case  is  but  a  fair  sample  of  a  whole  class,  lunong  which  may 
be  mentioned  the  following:  The  derivation  of  the  long  liind  legs  of 
jumping;  animals,  the  long  forelegs  of  climbing  animals,  and  the  elon- 
gation of  all  the  legs  of  running  animals  through  the  infiuence  of  an 
inherited  habit.  All  such  cases  are  open  to  the  very  serious  objection 
mentioned  above. 

**  Another  whole  class  of  arguments  may  be  reduced  to  this  propo- 
sition: Because  necessary  mechanical  conditions  are  never  violated 
by  organisms,  therefore  modifications  due  to  such  conditions  show 
the  inheritance  of  acquired  characters.  Plainly,  the  alternative  propo- 
sition is  this:  if  acrpiired  characters  are  not  inherited,  organisms  ou^t 
to  do  impossible  things. 

*'Many  of  the  arguments  advanced  to  prove  the  inhcritani 
characters  ac(|uired  through  use  or  disuse  seem  to  me  to  prove  enl 
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too  much.  For  example.  Professor  Coi)e  argues  very  ably  thai  bones 
are  lengthened  by  both  stretch  and  impact,  and  that  modific^ons 
thus  produced  are  inherited.  Even  granting  that  this  is  true,  how 
would  it  be  poeuble  for  this  process  of  lengthening  to  cease,  since  in 
active  animals  the  stretch  and  impact  must  be  continual?  IVofessor 
Cope  answers  that  the  growth  ceases  when  'efiuilibrium'  is  reached. 
I  confess  that  I  cannot  understand  this  explanation,  since  the  assumed 
stimulus  to  growth  must  be  continual.  But,  granting  again  that 
growth  may  stop  when  an  animal's  legs  become  long  enough  to  'sat- 
isfy its  needs,'  how  on  this  prin<;iplc  arc  we  to  a(*count  for  the  sliorton- 
ing  of  legs,  as,  for  example,  in  the  turn8|)it  dog  and  the  ancon  sliet*p 
and  numberless  cases  ocTurring  in  nature?  If  any  one  s|>eci€^s  was 
able,  by  taking  thought  of  inechani(*al  stresses  and  strains,  to  add  one 
culnt  unto  its  stature,  how  could  the  same  stresses  and  strains  Ijc 
invoked  to  decrease  its  stature? 

"These  evidences  arc,  I  know,  not  the  strongest  ones  whic'h  can  he 
adduced  in  supi)ort  of  the  Laman*kian  fa<*tors.  There  are  at  present 
a  relatively  small  numlxT  of  such  arguments  whi(*h  H(*cm  to  Im*  valid 
and  the  groat  fon^e  of  wliich  I  fully  admit.  Hut  the  va^vs  whi<*h  I  have 
cited  are,  I  lielieve,  fair  8iini))lcH  of  the  majority  of  the  evidru<vs  w> 
far  presento<l,  and  in  the  face  of  hucIi  'evideiict*'  it  is  not  surprising 
that  one  who  is  himself  a  profound  student  of  the  subject  and  a  con- 
^incetl  liamarckian  prays  tlmt  the  Lamarckian  theory  may  Ix^  deHv- 
ered  from  its  friends."  * 

As  to  the  inheritance  of  the  effects  of  extrinsic  forces  on 
the  in<iivi<hial,  we  find  little  in  the  way  of  dirr<'t  evidence. 

In  all  the  nienilKTs  of  the  large  family  of  flounders  ami  niAi*:*, 
the  adult  fish  rests  flat  cm  the  lK>ttom  and  swims  on  its  .side,  the 
cranium  l>eing  twiste<l  so  that  lK)th  eyes  ap{K'ar  on  the  upfHT 
side.  As  a  rule  color  cells  are  devel()|K'd  on  the  iipjKT  si<le  only, 
the  lower  cells  remaining  largely  uiicolored  or  white.  In  the 
young  of  all  s|M»cies  the  head  is  symiiM'trical.  lM>th  eyes  liein^; 
nonnallv  situatcnl,  and  the  fish  swims  vertirallv  in  the  water. 
Little  by  little,  as  developm<»nt  goes  on,  the  fish  turns  over  to 
one  side,  and  the  eye  of  the  lower  side  passes  around  or  through 
the  forehead  to  join  its  fellow  on  the  iipfxT  side.  On  the  upper 
«i<le  pigment  cells  develop,  while  cm  the  lower  side  th(\v  renmin 

Ml.  F.  (MNini,  "Evolution  and  llcrfdity,"  Wood's  HoU  Biological 
IxvtiirLv,  1890. 
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imperfect.  However,  in  a  flounder  reared  under  conditions  in 
which  the  light  falls  on  the  lower  side,  pigment  cells  are  de- 
veloped also  on  that  side. 

It  has  lx?en  claimed  by  certain  writers,  as  Cunningham,  that 
the  twisting  of  the  head  in  the  flounder  is  due  to  the  inheritance 
of  an  acquired  character.  A  flat  fish  without  air  bladder,  rest- 
ing on  the  sea  bottom,  naturally  falls  on  one  side.  The  eye 
thrust  into  the  sand  is  naturally  twisted  aroimd  to  the  up|)er 
side,  and  this  tendency  begim  in  very  young  individuals  becomes 
hereditary,  while  the  lack  of  pigment  on  the  under  side  is  also 
transmitted  by  inheritance.  But  it  is  just  as  easy  to  claim 
that  the  first  trait  of  adaptation  is  due  to  natural  selection,  and 
that  the  whiteness  of  the  blind  side  is  ontogenetic,  due  to  the 
absence  of  light  in  the  growth  of  the  individual.  In  any  case,  no 
specific  theory  of  the  origin  of  the  twist  of  the  flounder's  head 
can  be  regarded  as  proved. 

It  is  well  known,  as  Dr.  Conklin  observes,  that  certain  water 
snails  "  if  reared  in  small  vessels  are  smaller  than  when  grown 
in  large  ones,"  and  this  case  has  been  cited  as  showing  the 
influence  of  environment  in  modifying  species.  There  is  good 
evidence,  however,  that  this  modification  does  not  affect  the 
germinal  protoplasm,  for  these  same  gasteropods  will  grow 
larger  if  placed  in  larger  vessels.  It  seems  very  probable  that 
the  diminished  size  of  these  animals  is  due  to  deficient  food 
supply,  but  this  has  so  little  modified  the  somatic  protoplasm 
that,  although  they  may  be  fully  developed  as  shown  by  sexual 
maturitv,  thev  at  once  increase  in  size  as  soon  as  more  alnmdant 
food  is  provided,  and  this  takes  place  by  the  active  growth  and 
division  of  all  the  cells  of  the  bcKly.  In  higher  animals,  once 
maturity  has  been  reached,  there  is  little  chance  for  growth, 
apparently  l3ecause  many  of  the  cells  are  so  highly  differen- 
tiated that  they  can  no  longer  divide;  consec|uently  the  giowth 
is  limited,  and  hence  the  size  of  the  adult  may  depend  in  part 
upon  the  amount  of  nutriment  furnished  to  the  embryo.  This 
limitation  of  growth  is  due  to  the  high  degree  of  differentiation 
of  the  somatic  cells.  But  as  the  germ  cells  are  not  highly  dif- 
ferentiated and  are  capable  of  division,  it  follows  that  they 
would  not  be  ix»rmanently  modified  by  starving.  It  may  be, 
as  Professor  Brewer  argues,  that  long-continued  starving  and 
consequent  dwarfing  of  animals  may  leave  its  mark  on  the 
germinal  plasm;  but,  as  he  also  remarks,  this  influence  must  be 
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very  slight  as  compared  with  the  cumulative  effects  of  selection 
in  breeding,  and  it  is  safe  to  assert  that  there  is  no  such  whole- 
sale and  immediate  modification  of  the  germinal  plasm  due  to 
nutrition  as  some  people  seem  to  suppose." 

As  a  matter  of  fact  experiment  has  shown  that  the  results  of 
dwarfing  due  to  lack  of  food  are  shown  for  three  generations  in 
silkworms  (these  subsequent  broods  of  larvsB  being  full  fed 
but  producing  dwarfed  moths).  But  uith  succeeding  genera- 
tions tlie  moths  became  larger  and  resumed  their  normal  a|>- 
pearance. 

Mutilations  of  any  sort  arc  not  inherited.  The  tails  of 
sheep  have  been  cut  off  for  countless  generations.  Yet  each 
lamb  is  bom  with  a  tail.  This  law  holdri  gcKKi  for  docked  tails, 
docked  ears,  pierced  ears,  and  the  many  mutilations  to  which 
domestic  animals  and  men  have  been  subject  since  the  begin- 
ning of  civilization. 

Influences  of  climate,  of  heat,  of  cold  are  not  inherited  so 
far  as  ex|H»riniont  shows,  nor  luis  it  Ix^m  niiide  clear  that  any 
extrin.sir  influonee  exerted  on  the  indiviciual  reallv  modifu^ 
the  forces  of  hert»<litv.  Kven  Ijimarek  admits  this.  He  ol>- 
serves:  "Circumstanees  change  the  forms  of  animals.  But  1 
must  not  l)e  taken  literallv,  for  environment  ran  effect  no  direct 
changes  whatever  ujxin  the  organization  of  animals.** 

In  Six*ncer*s  view,  the  phenomena  of  instinct  are  to  l)e  ex- 
plained as  the  inheritance  of  hal)its  of  the  individual.  Tlie 
Neo- Darwinians  set*  in  the  adaptations  of  instinet  only  the  re- 
sults of  natural  84'lection  acting  ui)on  the  endless  variations  to 
which  individual  instincts  are  subject.  In  most  eius«»s  the  latter 
view  seems  the  most  probable.  In  sonu*  ejuses  it  hardly  offers 
a  plausible  explanation. 

The  young  mocking  ])ird  shows  an  inl)orn  dread  of  owls  and 
catjs,  while  it  is  relatively  indifferent  to  the  presence  of  dogs  or 
chickens.  It  se<»ms  hardly  rejisonabie  to  snp)NK*^  that  all 
mocking  birds  without  this  instinet  of  dread  for  thvsv  particular 
animals  have  Ix^en  ilestroycnl.  while  the  otiiers  have  .survive<l. 
Still  more  d<H'p  seat  cm!  is  the  <lread  of  snakes  |m>ss<»ss(n1  by  all  the 
monkey  s|H»cic»s  known  to  us,  as  wc»ll  iis  by  their  human  alliens. 
Most  men  and  most  monk<»ys  have  a  different  fcM'ling  in  regard 
to  snakc*s  from  that  exhibit <mI  towanl  anv  other  sort  of  animals. 
Tliis  fec'ling  is  inlM>rn.  It  may  1m»  snpj)n'sse»i,  but  not  often 
wholly  con(|UercNl,     To  call  it  an  inherit (hI  ex|HTience  is  easy, 
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but  in  default  of  other  evidence  for  the  inheritance  of  experi- 
ences, the  explanation  is  not  satisfactory.  But  it  is  not  easy 
to  believe  that  in  early  times  those  without  this  instinct  fell 
victims  to  venomous  snakes  through  their  own  fearlessness.  It 
is  perhaps  not  necessary  to  take  sides  on  this  question.  Any 
view  we  may  adopt  rests  for  confirmation  mainly  on  the  im- 
probability of  what  we  conceive  to  be  the  opposite  alternative. 
Conklin  further  observes  that  the 

"  so-called  facts  [of  progressive  heredity]  are  merely  probabililios  of  a 
higher  or  lower  order,  and  to  one  man  they  seem  more  important  than 
to  another.  No  conviction  based  even  upon  a  high  degree  of  proba- 
bility can  ever  be  reached  in  this  way.  There  is  here  a  deadlock  of 
opinion,  each  challenging  the  other  to  produ(*e  indubitable  proof. 
This  can  never  be  furnished  by  observation  alone.  Possibly  even 
experiment  may  fail  in  it,  but  at  least  it  is  the  only  hope." 

We  shall  not  assist  science,  says  Osborn, 

**with  any  evolution  factor  grounded  upon  logic  rather  than  upon 
inductive  demonstration.  A  retrograde  chapter  in  the  history  of  sci- 
ence would  o()en  if  we  do  so  and  should  accept  as  established  laws 
those  which  rest  so  largely  upon  negative  reasoning." 

Meanwhile  we  may  regard  the  theory  of  the  inheritance  of 
ac(|uired  characters  as  a  piece  of  useful  scaffolding  which  has 
8erve<l  its  purpose  in  the  development  of  the  facts  of  the  deriva- 
tion of  sj)eci(»s.  At  present  most  of  it — i)erhaps  all  of  it — ^must 
be  taken  down,  but  it  may  \m  that  from  the  same  base  ^vill  arise 
a  better  constructed  theory  which  will  again  serve  a  purpose 
in  the  stiidy  of  organic  evolution. 

Similar  conditions  in  life  tend  to  develop  or  encourage 
analogous  adaptations  in  groups  of  animals  not  homologous  in 
structure  nor  closely  related  by  lines  of  descent.  In  many  cases 
these  adaptations  are  so  very  similar  and  are  so  subtle  in  their 
parallelism  as  to  deceive  even  the  trained  naturahst.  In  other 
cases,  the  ccmvergence  and  its  consequent  analogies  are  less 
perfect,  and  the  separate  influence  of  like  selection  under  like 
environment  is  easilv  traceable. 

Examples  of  this  sort  are  seen  in  the  density  of  the  fur  of  all 
Arctic  animals,  whatever  the  group  to  which  they  belong.  An- 
other illustration  is  found  in  the  white  winter  dress  of  weasels, 
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rabbits,  owls,  ptarmigans,  and  other  birds  and  mammals,  this 
color  aiding  idike  in  defense  or  attack  as  against  the  back- 
ground of  snow.  Similar  convergence  of  characters  is  seen  in 
the  gray  hues  of  ahnost  all  desert  animals,  in  the  thorny  stems 
and  scant  thick  foliage  of  almost  all  desert  plants.  In  swift 
streams,  fishes  of  various  types  (sculpins,  darters,  gobies,  cat- 
fish, and  minnows)  protect  themselves  from  the  ciurent  by  the 
reduction  of  the  air  bladder,  by  the  instinct  to  lie  flat  on  the 
bottom,  and  the  instinct  to  make  short  quick  darts  from  place  to 
place  in  the  swift  waters.  To  this  end  also,  certain  fins  are  in 
each  case  especially  increased  in  size  and  force. 

Convergence  of  characters  is  shown  in  the  black  colors,  soft 
bodies,  and  luminous  spots,  characteristic  of  different  groups  of 
deep-sea  fishes.  It  also  a])pcare  in  the  development  of  eoUike 
forms  in  groups  of  fishes  which  have  no  affinity  with  eels,  ami 
of  snakelike  forms  among  Jizards  and  salamanders,  which  have 
no  real  affinity  with  snakes.  Like  conditions  of  life  bring  about 
like  structures.  We  may  instance  the  occurrence  of  bliml  fishes 
of  various  grou|)s  in  the  different  cave  are:is,  tlu»HC  speries  l)oin^ 
derived  in  all  cast's  from  fishes  of  nci^hlM>ring  regions  having 
well-developed  cycH.  Thus  the  blind  cave  fisli  of  Missouri  (Trog- 
lichthys  rosw),  and  those  of  Indiana  and  Kentucky  (Amblyoftsis 
spdwus,  TyjMirhthys  suhterrancus) ,  are  8<»parately  derived  from 
the  once  widt^sprcad  tyi>c  of  the  Dismal  Swamp  fisli  (Choh>' 
gasier  cormiius).  The  blind  fishes  of  Cuba  (Stygirola,  Lucifugn) 
are  deriveil  from  ancestors  of  a  marine  cusk  (Brotidd)  now  fount i 
in  the  (\iban  seas.  The  bUnd  catfish  of  Pennsylvania  (Gronut.n 
nigrilabris)  is  modified  from  an  existing  sj>eeies  (Ameiuruft 
pidlwi)  found  in  the  same  region.  The  blind  salamanders  of 
Austria  and  Texas  are  derived  from  former  inhabitants  of  the 
same  regions  which  passesse<l  well-<levelo|)ed  eyes. 

ParaUeHsms  of  this  sort  are  found  in  every  group  of  animals 
and  f)laiits.  It  is  generally  easy  to  distinguisli  analogous 
variations  or  results  of  convergence  of  characters,  by  the  study 
of  comparative  anatomy.  Ilesembhinces  in<luciMl  by  like  selec- 
tion or  bv  like  conditions  are  usually  suiHTficial  and  do  not 
affect  those  structures  which  do  not  conic  into  direct  contact 
with  external  conditions.  ]\\\t  sometinu*s  even  d(»ep-8eatetl 
characters  have  \HHm  reaches  I  and  affect  cm!  bv  environmental 

m 

influences.     In  this  cas<»  a  finer  t(*st  is  fouml  in  the  studv  of 

* 

embryonic  develo])ment.     In  general,  creatures  actually  closely 
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related  in  descent  have  inherited  common  methods  of  develop- 
ment. Thus  to  embryology  we  have  looked  for  the  final  test 
as  to  the  real  affinities  of  any  given  form.  But  even  this  test  is 
sometimes  delusive,  for  selection  and  environmental  influences 
may  affect  embryonic  development,  as  they  may  affect  every 
other  character  or  instinct. 

Certain  writers  carry  this  thought  further,  and  find  no  real 
basis  for  discrimination  between  homologies  and  analogies. 
They  would  hold  that  the  progressive  inheritance  of  effects  of 
similar  environment  might  in  time  produce  forms  not  imme- 
diately related  into  a  condition  of  practical  identity  each  with 
the  other. 

Professor  Hans  Gadow  observes : 

"  When  (Jegenbaur  hjul  b(»rome  the  founder  of  modern  comparative 
anatomy  by  putting  it  on  the  bonis  of  evolution,  it  Ix^came  gradually 
an  axiom  that  homolojijies  determined  the  dej^ees  of  affinity,  and  now 
in  turn  the  position  of  an  animal  in  the  system  is  ap|)ealcd  to  for  de- 
termining whether  a  given  organ  is  homologous  or  only  analogous. 
It  is  a  vicious  circle.  'Only  analogous'  is  the  usual  expression.  In 
reality  these  cases  of  analogy,  homoplasy,  convergence  have  become 
of  supreme  interest  in  our  science.  Their  solution  implies  the  greatest 
of  problems,  and  it  is  only  the  thoughtless  orthodox  fanatic  who  be- 
lieves that  similarity  in  structure  must  mean  relationship.  To  him 
two  and  two  make  four,  no  matter  what  the  twos  are  composed  of." 

But  most  naturalists  believe  that  homology,  which  involves 
common  descent,  and  analogy,  which  rests  on  similar  experi- 
ences, are  quite  distinct  elements,  and  that  they  can  always 
be  distinguished  by  rcM'ognizod  biological  tests. 

No  one  can  question  the  vast  influence  of  extrinsic  or  en- 
vironmental influences  on  the  history  of  a  sf>ecies  of  animal  or 
plant.  In  the  analysis  of  such  influences  we  find  a  wide  variety 
of  opinions.  According  to  some  writers,  these  forces  are  dy- 
namic, shaping  the  development  of  the  individual,  and  by 
heredity  determining  through  the  individual  the  future  of  the 
species.     Dall  uses  these  striking  words: 

"The  environment  stands  in  relation  to  the  individual  as  the  ham- 
mer and  anvil  to  the- blacksmith's  hot  iron.  The  organism  suffers 
during  its  entin?  existence  a  continuous  scries  of  mechanical  impacts, 
none  the  less  real  because  invisible." 
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Others,  not  questioning  the  reality  of  the  direct  effects  of 
environmental  forces  on  the  individual,  find  no  evidence  that 
these  impacts  are  perpetuated  in  heredity. 

Besides  direct  effects  of  these  outside  influences,  we  have  to 
consider  an  infinite  variety  of  reactions,  which  these  forces  or 
impacts  may  set  up  in  the  organism.  These  again  have  been 
supposed  to  be  hereditary,  for  the  species  changes  under  them 
in  what  seems  to  be  very  much  the  same  fashion  that  the  indi- 
vidual does.  Vac.  and  disuHc  in  the  s|)ocie8  bring  alK)ut  f)arallol 
results  to  those  shown  by  use  and  disuHt'  in  the  individual,  anil 
are  by  some  therefore  referred  to  the  same  caiLso. 

But  again  there  is  grave  rcascm  to  question  the  fact  of  the 
inheritance  of  such  reactions,  and  to  doubt  whether  the  effects 
of  use  and  disuse  in  the  s|)eci(*s  n'st  on  the  same  set  of  causes  as 
the  results  of  use  and  disuse  in  the  individual. 

There  remains  the  sup|)osition,  adopted  at  least  tentatively 
by  a  large  projwrtion,  probably  the  majority,  of  the  naturalists 
of  to-day,  that  the  dirort  effects  of  environment,  as  well  as  tin* 
reactions  or  indirect  effects  on  the  individual,  are  not  rejieattMl 
in  here<lity,  and  that  the  sc»let'tive  influence  of  (environmental 
causes  is  the  measure  of  their  influence  in  the  transformation  of 
species. 

The  ([uestion  of  the  nature  of  dynamic  fon-es  in  evolution  is 
one  of  the  most  recent  and  most  interesting  phases  of  the  h>ng- 
continued  discussion  of  the  inheritance  of  a(*(|uinHi  characters. 

A  vast  range  of  variations  are  ontogen«»tic.  or  de|H*ndent  on 
influences  affecting  directly  the  Hfe  of  the  individual.  These 
ontogenetic  variatioiLs  are.  strictly  s|)eaking,  individual,  a|>- 
pearing  as  collective  only  when  many  individuals  have  bet»n 
subjected  to  the  same  conditions.  They  may  l)e  divided  into 
environmental  variations  and  functional  variations,  two  cati^ 
goric*s  which  cannot  always  Ik?  clearly  s(»panit(Ml,  as  variations 
due  to  f<KMl  conditions  partake  of  the  nature  of  l>oth. 

More  than  thirty  years  ago.  Dr.  J.  A.  All(»n  demonstrat(*il 
that  climatic  influences  affect  the  averag(*s  in  measurements  and 
in  color  among  birds.  For  examph*.  in  S4»veral  s|HM*ies  of  birds, 
the  total  length  is  greater  in  s|XM*i!nens  from  the  north,  while 
the  bills  and  t(H»s  are  actually  longer  in  southern  8|M*cimen8. 
That  this  condition  is  due  to  the  influence  of  elimateon  develo|>- 
ment  is  apparently  shown  by  the  fact  that  lunnerous  s|)ecies  arc 
affect  111  in  the  same  way.     It  is  noticed  also  tlmt   specimens 
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from  the  northeast  and  the  northwest  of  the  United  States  are 
darker  in  color  than  those  from  the  interior,  and  again  that  red 
shades  are  more  common  in  the  arid  southwest.  Similar  effects 
have  been  recently  shown  by  a  study  of  species  of  wasps.  Modi- 
fications of  this  type  may  be  produced  at  will  by  subjecting 
the  larvjE  and  pupse  of  certain  in- 
sects to  artificial  heat  and  cold. 
The  butterflies  of  the  glacial  regions 
and  those  develoj)ed  in  the  ice  chest 
have  a  pale  coloration,  and  a  warm 
en\nronment  deepens  the  pigment. 
The  woodpeckers  and  other  birds  of 
the  rainy  forests,  northwest  and 
northeast,  have  always  darker  and 
more  sooty  plumage  than  those  birds 
of  the  same  type  found  in  more 
sunny  regions. 

A  typical  case  is  found  in  the 
various  species  of  sticklebacks  (Fig. 
119)  constituting  the  genera  Gnster- 
osteiat  and  Pygostens  of  the  Northern 
Temperate  Zone.  In  both  genera, 
the  marine  s[x*cies  are  armed  for  the 
whole  length  of  the  body  by  a  series 
of  about  twenty  to  thirty  vertically 
oblong  enameled  bony  plate\s. 

In  brackish  waters  in  p]urope, 
America,  and  Asia  alike,  tlie  stickle- 
backs in  all  the  various  species  are 
only  partially  mailcMl,  having  vari- 
ouslv  from  three  to  fifteen  bonv 
plates,  these  smaller  than  in  the 
marine  forms  and   covering  only  the 

anterior  part  of  the  body.  In  these  fishes  also,  the  spines  of 
the  fins  are  less  devc^loped  than  in  the  marine  forms.  In 
strictly  fresh  waters,  sticklebacks  of  various  types  are  found 
entirely  destitute  of  bony  plates.  These  unarmed  fishes  have 
been  regarded  as  distinct  sjx^cies  and  as  distinct  subspecies. 
At  present  they  are  usually  simply  regarded  as  variant  "  forms," 
to  which  distinctive  scientific  names  need  not  be  applied.  It 
has  not  been  proved,  but  it  is  probably  a  fact,  that  the  differ- 


Fio.  1 18. -Specimen  of  Cfra- 
Hum.  collerte«l  (.4)  out  of  the 
(itiiiieu  CooMt  Htream  and  (B) 
out  of  the  South  P^juatorial 
Mtreani;  note  the  marked  dif- 
ference in  development  of  the 
.spines,  (.\fter  Weismann  and 
Chun.) 
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ence  is  one  due  to  the  environment  of  the  individual.  Those 
in  the  sea  find  adequate  salts  from  which  to  develop  their 
coats  of  mail.  Those  in  fresh  water  do  not  find  this,  while 
those  in  river  mouths  and  other  brackish  situations  develop 
armature  in  intermediate  degrees.  In  the  genus  Evcalia,  a 
stickleback  confined  to  fresh  waters  of  the  Middle  Western 
States,  plates  are  never  developed. 

The  Loch  Leven  trout,  Salmo  Icvencnsi'iy  is  distinguished 
from  the  brook  trout  of  England,  Salmo  eriox  (/ario),  in  its 
native  waters  by  certain  obvious  characters.  The^c  disappear 
when  the  eggs  are  plantcil  in  brooks  in  J^^ngland  or  in  California, 
and  the  sfxicies  develops  as  the  common  English  brook  trout. 
Hut  it  is  conceivable  that  the  obvious  or  ontogenetic  traits  of 
the  Ijoch  Leven  trout  are  not  the  real  or  phylogenetic  distinc- 
tions, and  that  the  latter,  more  subtle,  engendered  through  in- 
ch vidual  variation,  inheritance,  selection,  and  isolation,  really 
exist,  although  they  have  escaped  the  attention  of  ichthy- 
ologists. 

After  the  Loch  Leven  trout  was  j)lanted  in  the  Yosemite 
Park  in  1896,  it  remained  for  nine  years  unnoticed.  In  1905 
individuals  sent  to  Stanford  University  were,  so  far  as  could 
be  seen,  exactly  likii  English  brook  trout.  Hut  it  is  conceivable 
that  differences  in  food  and  water  have  caused  sliglit  ontogenetic 
distinctions.  It  is  certain  that  in  isolation  from  all  parent 
stocks  they  will  in  time  develop  larger  differences  which,  after 
many  thousand  generations,  will  be  specific  or  subsjx^cific.  At 
present,  these  trout  are  (piite  unlike  tlie  native  rainbow  trout 
(Salmo  iridcus  gilbert i)  of  the  Yosemite.  Tlie  ontogenetic  char- 
acters will  perliaps  approach  those  of  the  latter,  but  the  phylo- 
genetic  movement  may  be  in  (piite  another  direction. 

Another  ontogenetic  spe<Mes  is  tlie  little  char  or  trout  (Sal- 
velimis  tiulca  CofK^)  from  I'nalaska.  In  Captain's  HarlM)r,  I'na- 
hiska,  the  Dolly  \'ar(l(»n  trout,  Salvcliniis  mulma,  swarms  in 
myriads,  in  fresh  and  salt  water  alike,  reaching  in  the  sea  a 
weight  of  from  six  to  twelve  i>ounds.  A  little  ojx^n  brook,  which 
dro[)s  into  the  harbor  by  an  impassable  waterfall,  contains  also 
an  abundance  of  Dolly  \'arden  trout,  mature  at  six  inches  and 
weighing  but  a  few  ounces.  This  is  SalveUnns  tildes.  In  the 
harbor  the  trout  are  gray  with  lighter  gray  six)ts,  and  fins  scarcely 
rosy.  In  the  brook,  the  trout  are  st(H^l  blue,  with  crimscm  s[X)ts 
and  orange  fins,  stript^l  wj!h  white  and  black.     In  all  visible 
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phylogenetic  characters,  the  two  forms  of  trout  arc  one  species. 
We  have  reason  to  believe  that  fry  from  the  bay  would  grow  up 
as  dwarfs  in  the  brook,  and  that  the  fry  from  the  brook  would  be 
gray  giants  if  developed  in  the  sea. 

But  it  is  also  supposable  that  in  the  complete  isolation  of  the 
brook  fishes,  with  free  interbreeding,  there  would  be  some  sort 
of  phylogenetic  bond.  There  may  be  a  genuine  sulispecies, 
tudeSf  characterized  not  by  small  size,  slender  form,  and  bngiit 
colors,  but  by  other  traits,  which  no  one  has  found  because  no 
one  has  looked  deeply  enough. 

In  no  group  of  vertebrates  are  the  life  characters  more  plaf<tic 
than  among  the  trout.  The  birds  have  traits  far  more  definitely 
fixed.  Yet  differences  in  external  conditions  must  prcKluce  wr- 
tain  results.  We  should  not  venture  to  suggest  that  the  dusky 
woodpeckers  or  chickadees  of  the  rainy  forests  of  the  nortiieast 
and  northwest  are  purely  ontogenetic  species  or  that  they  should 
be  erased  from  the  systematic  lists.  But  it  will  lx^  a  great  ad- 
vance in  ornithology  when  we  know  what  they  really  are  and 
when  we  un<lor8tand  the  real  nature  of  the  small-lxMlied.  large- 
billed,  southern  races  of  other  sihm'ic^s  of  hinls.  It  would  Ihj 
worth  while  to  know  if  these  are  really  ontogenetic  purely,  or 
if  they  are  phylogenetic  through  "progressive  hennlity/'  the 
inheritance  of  ac(|uire<l  characters,  such  as  are  pn)ducetl  by 
the  direct  effects  of  climate  or  as  the  reaction  from  climatic 
influenci's.  Or  again  may  there  \)q  a  real  phylogenetic  IkhuI 
through  geographical  segregation,  its  evidences  olwcurtxl  by 
the  more  conspicuous  traits  induced  by  like  exiHTienci»s?  Or 
are  there  other  influenc*(*s  still  more  subtle  involved  in  tiic 
formation  of  isohumic  or  isothermic  kuIwikhmcs? 

To  sum  up,  there  is  no  convincing  evidence  that  the  din^'t 
influence  of  environment  is  a  factor  in  tlu»  separation  of  8iHH*i<»s, 
ex<?ept  as  its  n»sults  may  1k.»  actcvl  u|H)n  by  natural  selection. 
We  have  no  pnnif  to  show  that  the  enviroiuiient  of  one  genera- 
tion determines  the  hercslity  of  the  nv\\ — and  yet  |)erha|« 
most  naturalists  fe<'l  that  the  efTeets  of  extrinsic  influences  work 
their  way  into  the  s|MM*ies.  although  a  mechanism  by  which 
this  might  Ih»  acconiplishetl  is  as  yet  unknown  to  us. 


CHAPTER  XII 
GENERATION,  SEX  AND  ONTOGENY 

"Unter  je<lem  Cirab  liogt  cine  Weltgeschichte  "  ((Sermaii  proverb). 

Each  animiil,  each  plant,  must  have  its  individual  beginning, 
its  "creation/'  and  its  individual  development  from  this  l)egin- 
ning  to  full  grown,  completely  developed  condition.  For  no 
organism  is  Ijorn  fully  develoj^ed.  Even  the  simpk*st  organ- 
isms, the  one-celled  kinds,  whose  "creaticm"  is  accomplished 
simply  by  the  splitting  in  two  of  a  previously  existing  individual 
of  their  kind,  are  not  produced  full-fieelged.  They  have  at 
least  to  increase  from  half  size  to  full  size,  that  is,  to  grow,  and 
there  are  verv  few  if  anv  of  th<*m  that  do  not  have  to  eflfeet 
changes  in  their  Ixxly  structure  during  this  period  of  growth; 
that  is,  they  have  to  luidergo  some  development.  The  begin- 
ning, then,  is  always  from  a  previously  existing  organism — but 
how  could  it  always  have  been? — and  lx»tween  this  beginning 
and  the  normal  mature  or  full-fledged  creature  there  has 
always  to  l)e  some  development.  The  beginning  is  called 
generation;  the  development,  ontogeny. 

We  are  all  so  familiar  with  the  fact  that  a  kitten  comes  into 
the  worhl  only  through  being  born  as  the  offspring  of  parents 
of  its  kind,  that  we  shall  Hkely  not  appreciate  at  first  the  full 
significance  of  the  statement  that  all  life  comes  from  life;  that 
all  organisms  are  produced  by  other  organisms.  Nor  shall  we 
at  first  appreciate  the  imiK)rtance  of  the  statement.  This  is  a 
generalization  of  modern  times.  It  has  always  been  easy  to  8t»e 
that  cats  and  horses  and  chickens  and  the  other  animals  we 
familiarly  know  give  birth  to  young  or  new  animals  of  their  own 
kind ;  or.  put  conversely,  that  young  or  new  cats  and  hors<»s  and 
chickens  come  into  existence  only  as  the  offspring  of  parents 
of  their  kind.     And  in  these  latter  days  of  microscopes  and 
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mechanical  aids  to  observation  it  is  also  eesy  to  see  that  the 
amalles-  animals,  the  microsoopic  organisma,  come  into  ex- 
iBtADce  only  as  they  are  produced  by  the  division  of  other  similar 
animals,  which  ve  may  call  their  parents.  But  in  the  days  of 
the  earlier  naturalists  the  life  of  the  microsoopic  organisms, 
and  even  that  of  many  of  the  larger  but  unfamiliar  animals, 
was  shrouded  in  mystery.  And  what  seem  to  us  ridiculoiia 
bfUefs  were  held  re^rding  the  origin  of  new  individuals. 

The  antnents  believed  that  many  animaLs  were  spontane- 
ously generated.  The  early  naturalists  thought  that  flies 
arose  by  spontaneous  generation  from  the  decaying  matter  of 
dead  animals;  from  a  dead  horse  come  myriads  of  maggots 
'  iHu^  change  into  flesh  flies.  Fn^  and  many  insects  were 
thought  to  be  generated  spontaneously  from  mud.  Eels  were 
thought  to  arise  from  the  slime  rubbed  from  the  skin  of  fishes. 
Aristotle,  the  Greek  philosopher,  who  was  the  greatest  of  the 
ancient  naturalists,  expresses  these  beliefs  in  his  books.  It 
was  not  until  the  middle  of  the  seventeenth  century — Aristotle 
lived  three  hundred  and  fifty  years  l»eforo  the  Christian  era — 
that  these  beliefs  were  attacked  and  l>f>gan  to  l»e  given  up,  Jn 
the  beginning  of  the  seventeenth  century,  William  Harvey,  an 
English  naturaiint,  declared  that  every  animal  comes  from  an 
egg,  but  he  said  that  the  egg  might  "proceed  from  parents  or 
arise  spontaneouftly  or  out  of  putrefaction,"  In  the  middle  of 
the  same  century  Re<li  proved  that  the  maggots  in  decaying 
meat  which  produce  the  flesh  flies  develop  from  eggs  Ir.id  on  the 
meat  by  flies  of  the  same  kind.  Oilier  Koolngists  of  this  time 
were  active  in  investigating  the  origin  of  new  individuals.  And 
all  their  discoveries  tended  to  weaken  the  Ix'lief  in  the  theory 
of  spontaneous  generation. 

Finally,  the  adherents  of  this  theorj'  were  forced  to  restrict 
their  belief  in  s|H)ntaneous  generation  to  the  ca.ie  of  a  few  kinds 
of  animals,  like  [>ara»'itefl  and.the  aoinialcnlcM  of  stagnant  water. 
It  was  maintained  that  jmraxites  arose  sjxintiineou.sly  from  the 
matter  of  the  living  animal  in  which  they  lay.  Many  {>arasite8 
have  so  coniplirateil  and  extraordinary  a  life  history  that  it  was 
only  after  long  and  careful  study  that  the  truth  regarding  their 
origin  was  di.scovered.  But  in  the  ca«e  of  every  |iiira.site  whose 
life  history  is  known,  the  young  are  nffsjiring  iif  [xirents,  of 
other  individuals  of  their  kind.  No  com-  of  sjKnitaneous  genera- 
tion among  parasites  is  known. 
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The  same  is  true  of  the  animalcules  of  stagnant  water.  If 
some  water  in  which  there  are  apparently  no  living  organisms, 
however  minute,  be  allowed  to  stand  for  a  few  days,  it  will  come 
to  be  swarming  with  microscopic  plants  and  animals.  Any 
organic  liquid,  as  a  broth  or  a  vegetable  infusion  exposed  for 
a  short  time,  becomes  foul  through  the  presence  of  innumerable 
bacteria,  infusoria,  and  other  one-celled  animals  and  plants, 
or  rather  through  the  changes  produced  by  their  life  processes. 
But  it  has  been  certainly  proved  that  these  organisms  are  not 
8p<mtaneou.sly  produced  by  the  water  or  organic  liquid.  A  few 
of  them  enter  the  water  from  the  air,  in  which  tliere  are  alwavs 
greater  or  less  nimibers  of  spores  of  microscopic  organisms. 
These  spores  (embryo  organisms  in  the  resting  stage)  germinate 
quickly  when  t\wy  fall  into  water  or  some  organic  liquid,  and 
the  rapid  succession  of  generations  soon  gives  rise  to  the  hosts 
of  bacteria  and  Protozoa  which  infest  all  standing  water.  If 
all  the  active  organisms  and  inactive  si)ores  in  a  glass  of  water 
are  killed  by  boiling  the  water,  "sterilizing"  it,  as  it  is  called, 
and  this  sterilized  water  or  organic  li(]ui(l  l)e  put  into  a  sterilized 
glass,  and  this  glass  be  so  well  closed  that  germs  or  spores  can- 
not pass  from  the  air  without  into  the  sterilized  licjuid,  no  living 
animals  will  ever  ap|x»ar  in  it.  It  is  now  known  that  flesh  will 
not  decay  or  li(|uids  ferment  except  through  the  presence  of 
living  animals  or  plants.  To  sum  up,  we  may  say  that  we  know 
of  no  instance  of  the  spontaneous  generation  of  organisms,  and 
that  all  the  animals  whose  life  history  we  know  are  produced 
from  other  animals  of  the  same  kind.  ''Omne  vivvm  ex  vivo" 
"All  life  from  life." 

The  method  of  simple  fission  or  splitting — binary  fission  it 
is  often  calknl,  because  the  division  is  always  in  two — by  which 
the  body  of  the  par(»nt  becomes  divided  into  two  equal  parts 
— into  halves — is  tlie  simplest  method  of  multiplication.  This 
is  the  usual  method  of  Arnafxi  (Fig.  120)  and  of  many  other  of 
the  simplest  animals.  In  this  kind  of  reproduction  it  is  hardly 
exact  to  speak  of  parent  and  children.  The  children,  the  new 
AmabiFy  are  simply  the  parent  cut  into  halves.  The  parent 
persists;  it  does  not  produce  offspring  and  die.  Its  whole  body 
continues  to  live.  The  new  Amahiv  take  in  and  assimilate  food 
and  add  new  matter  to  the  original  matter  of  the  parent  body; 
then  each  of  th(»m  divides  in  two.     The  grandparent's  Ixxly  is 

now  divided  into  four  parts,  one  fourth  of  it  forming  one  half 
15 
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of  each  of  the  bodies  of  the  four  grandchildren.  The  proccM 
of  aBsiinilstion,  gron'th,  and  subsequent  diviiiion  takes  place 
again  and  again  and  again.  Each  time  there  is  given  to  the 
new  Atnceba  an  ever-lessening  part  of  the  actual  body  substance 
of  the  original  ancestor.     Thus  an  Ameeba  never  dies  a  natural 


death,  or,  iis  Irns  Ix-cii  siiiii.  '"im  Aninfiii  cvit  lu^l  jui  anc-mlor 
by  death."  I(  liiiiy  Im'  killed  nulncht.  but  in  ihat  ciiso  it  leaves 
no  iles<'enduntrt.  If  it  Im  nut  killed  Ix-fiwe  it  pnMluet^  new 
AmiiiHr  it  never  dies,  ahhoti^h  it  ceUHes  to  exist  as  a  tiingle 
individiiiil.  The  Amifbir  and  other  simple  uiiiniaU  which 
niulti[>ly  by  <lirc(-t  )>inury  fiwiim  iimy  Ih;  ruiid  to  Ih-  immortal, 
and  the  "  iuimortality  of  the  I'rotozoa  "  is  a  phraac  which  will 
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often  !«■  met  with  m  the  untingHof  Wemmannand  certain  other 

modern  philosophical  biologistii.    There  ib  a  fallacy,  however, 

in  the  phrasing,  because, 

as  a  matter  of  fact,  the 

protoplasm    of    a    gi\cn 

I>rotozoun  gradually  loses 

its  vitality  with  con- 
tinued  division    until   it 

ultimately   is   unable    to 

divide  further  or  indeed 

to  perform  the  other  hfe 

functions    it  dies  of  old 

age. 

Hanlly  less  simple  is 

Renerutinn    by    biiil<ling, 

which     in    its     simplest 

character  is  the  breaking 

off   from  one   individual 

of  a  )Hirt  sniiiUer  than  a 

half,  often,  indeed,  only 

a  very  siiiiill  fractional  |>ar(,  which  budded  off  |>art  has  the 

capacity  of  growing  and  developing  into  a  new  individual  like 
its  parent. 

A  still  other 
mode  of  generation 
of  simple  type  is 
that  of  sporulation, 
or  where  the  body 
of  one  individual 
BubdivideB  into 
more  than  two 
partfi  (as  in  binary 
fission) ,  theee  parts, 
each  of  which  is 
usually  subspherical 
or  ellipsoidal,  num- 
hcring  perhaps 
many  hundrcils. 
A    condition    known    an     parthenoqrnrnis    is   found    among 

certain  of  the  complex  animals.     Although  the  species  IS  repre- 
sented by  iudividuuls  of  both  sexe»,  the  female  can  produce 
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yomig  from  eggs  which  have  not  been  fo-tiliaed.  Ftn*  example, 
the  queen  bee  lays  both  fertiUsed  and  unfertilised  eggs.  From 
the  fertilised  egp  hatch  the  worketB,  which  are  rudimentary 
females,  and  other  queens,  which  are  fully  developed  females; 
from  the  unfertilized  eggs  hatch  only  males — the  drones. 
Many  generations  of  plant  lice  are  produced  each  year  parthe- 
nogenetically — that  is,  by  imferttlised  females.  This  subject 
will  be  discussed  at 
greater  length  later 
in  this  chapter. 

The  modes  of 
generation,  or  re- 
production, or  mul- 
tiplication, as  this 
making  the  b^n- 
nings  of  new  indi- 
viduals may  be 
variously  called,  so 
far  referred  to,  may 
be  ^^oujtctl  into  a 
category  called  a&ex- 
uul  generation. 
In  an  examination 
of  (he  lives  of  the 
simplest  and  but 
HliRhtly  complex 
kind.i  of  animals  n-c 
Tind  that  even 
among  almost  the 
very  simplest  of  or- 
ganisms another 
i-osionally,  which 
ciiim  of  two  distinct 


's  ■iiK«  in  cuojuckliun  <■( 
polvmorplia.     (After  Kol- 


modc  of  reproduction  obtains,  at   leoHt   i 

demands  for  its  carrying  out  t)ic  mutual  a 

individuals.    The  essential  tiling  in  tlii.t  iiiiituul  action  is  the 

exchange  of  nuclear  matcriul  from  one  uf  these  individuals  to 

the  other ;  with  some  of  the  simplest  orguiiisni»  there  is  a  mutual 

exchange  of  nuclear  material. 

Paramaxium,  for  example,  reproduces  itself  for  many  gen- 
erations by  fission,  but  a  generation  finally  ap|H>ars  in  which 
a  different  method  of  roprwiur-tinn  Is  followcii.  Two  individu- 
als come  together  and  each  cxcluinges  with  tlio  other  a  part  (tf 
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its  nucleus.  Then  the  two  individuals  separate  and  each 
divides  into  two.  The  result  of  this  conjugation  is  to  give  to 
the  new  Paramcecia  produced  by  the  conjugating  individuals 
a  body  which  contains  part  of  the  body  sut)stance  of  two  distinct 
individuals.  The  new  Paramacia  arc  not  simply  halves  of  a 
single  parent,  they  are  parts  of  two  parents. 

Among  the  colonial  Protozoa  the  first  differentiation  of 
the  cells  or  members  composing  the  colony  is  the  differentia- 
tion into  two  kinds  of  reproductive  cells.  Reproduction  by 
simple  division,  without  preceding  conjugation,  can  and  does 
take  place,  to  a  certain  extent,  among  all  the  colonial  Protozoa. 
Indeed,  this  simple  method  of  multiplication,  or  some  modi- 
fication of  it,  like  l)udding,  persists  among  many  of  the  com^ 
plex  animals,  as  the  8ix)ngcs,  the  polyps,  and  even  higher  and 
more  complex  forms.  But  such  a  method  of  single-parent 
reproduction  cannot  l)e  used  alone  by  a  8|)ccies  for  many  gener- 
ations, and  those  animals  which  possess  the  power  of  multiplica- 
tion in  this  way  always  exhibit  also  the  other  more  complex 
kind  of  multiplication,  the  method  of  double-parent  reproduc- 
tion. Conjugation  takes  place  between  different  members  of 
a  single  colony  of  one  of  the  colonial  Protozoa,  or  between 
members  of  different  colonies  of  the  same  s|)ecies.  These 
conjugating  individuals  in  the  simpler  kinds  of  colonies,  like 
Gonium,  are  similar;  in  Pandorina  they  appear  to  be  slightly 
different,  and  in  Eudorina  and  Volvox  the  conjugating  cells  are 
readily  seen  to  be  very  different  from  each  other.  One  kind  of 
cell,  which  is  called  the  egg  cell,  is  large,  spherical,  and  inactive, 
while  the  other  kind,  tlie  sperm  cell,  is  small,  with  ovoid  head 
and  tapering  tail,  and  free-swimming.  In  the  simpler  colo- 
nial Protozoa  all  the  cells  of  the  lK)dy  take  part  in  reproduction, 
but  in  Volvox  only  certain  cells  perform  this  function,  and  the 
other  cells  of  the  Ixxly  die.  Or  we  may  say  that  the  body  of 
Volvox  dies  after  it  has  produced  si>ecial  reproductive  cells 
which  shall  fulfill  the  function  of  multiplication. 

Beginning  with  the  more  complex  Volvocino',  which  we 
may  call  either  the  mo^t  complex  of  the  one-celled  animals  or 
the  simplest  of  the  many-celled  animals,  all  the  complex 
animals  show  this  distinct  differentiation  l)etween  the  repro- 
ductive cells  and  the  cells  of  the  rest  of  the  Ixxly.  Of  course, 
we  find,  as  soon  as  we  go  up  at  all  far  in  the  scale  of  the  animal 
world,  that  there  is  a  great  deal  of  differentiation  among  the 
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eella  of  the  body;  the  cella  which  have  to  do  with  the  aarimila- 
tion  of  food  are  of  one  kind ;  those  on  which  depend  the  motions 
of  the  body  are  of  another  kind;  those  which  take  oxygen  and 
those  which  excrete  waste  matter  are  of  other  kindiB.  But 
the  first  of  this  cell  differentiation,  as  we  have  already  often 
repeated,  is  that  shown  by  the  reproductive  cells;  and  with 
the  very  first  of  this  differentiation  bctn-een  reproduoli%'e  eella 
and  the  other  body  cells,  appears  a  different  Jul  iun  of  the  re- 


produclive  n-Hfl  into  two  kiinl«.  These  two  kiiuls,  among  all 
aniniubi,  arc  ulwavrt  pswntiiilly  similar  to  the  two  kimia  shown 
by  Vtilmx  and  the  ximpk-Ht  of  the  niany-rcUcii  animals — 
namely,  lurffo.  inuctiie.  s[>hrrical  egg  <-t>lls.  ami  Kinall.  active, 
rlunguto  or  '"  tailed  "  jijuTm  cells. 

In  (lie  xliKlitly  n>m|iU-x  animuln  one  in<livitlii;il  pmdures 
Txrth  egg  i-flln  niid  si>c>rm  rclls.  But  in  the  Si)ih<inoplioni,  or 
e<ilonial  ji'llyfiMhi-s.  (frtain  memlwrsrif  tlip  colony  pnHluceonly 
sperm  cells,  ami  rcrtnin  other  memlxTH  of  tin-  enlony  produre 
only  egg  cells.  If  the  Si|>tiono|ihorn  l>e  cimsiiiercd  an  imli- 
^idual  urguniam  and  nut  a  colony  ooni|HK«fd  of  many  individ- 
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uals,  then,  of  course,  it  is  like  the  others  of  the  slightly  com- 
plex animals  in  this  respect.     But  as  soon  as  we  rise  higher  in 


m 


the  8c»lc  of  aniinul  life,  as  soon  as  we  study  the  more  complex 
animals,  we  find  that  the  egg  cells  and  sperm  cells  are  almost 
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always  produced  by  different  individuals.  Those  individuals 
which  produce  egg  cells  are  callod  female,  and  those  which 
produce  sperm  cells  arc  called  male.  There  are  two  scxca. 
Hale  and  female  are  terms  usually  applied  only  to  individ- 
uals, but  it  is  evidently  fair  to  caU  the  egg  cclte  the  female 
re[voductive  cells,  and  the  sperm  cells  the  male  reproductive 
cdls.  A  single  individual  of  the  simpler  kinds  of  animals 
IMToducea  both  mole  and  female  cells.  But  such  an  individual 
cannot  be  said  to  be  dther  male  or  female,  it  is  sexless — 
that  is,  sex  is  some- 
thing wliirh  appram 
only  after  a  certain 
degree  of  stnK'tunil 
and  physiulogirul 
diffcrcnttalion  is 
reached.  It  is  true 
that  even  among 
many  of  the  higher 
or  (r< implex  animals 
certain  sixties  are 
not  repnsH'ntcd  liy 
mule  and  fcnule  in- 
<livi(luals,  any  imli- 
viilual  of  the  species 
Ix'iiig  al)lc  to  pro- 
diu-c  biitl)  male  aufl 

female    cells.      But 

this  is  the  exception. 
Among  almost  ull  the  romplox  animnl.-<  it  is  nec<-8sary  that 
there  Im>  u  conjugation  of  nmlo  and  fcmiile  n^jinxluctive  cells 
in  onler  that  a  new  individiud  luity  1m'  iirotluccd.  This  nccos- 
sity  first  apjM'ars,  we  ri'Micnit>cr,  among  very  simple  animaK 
This  intiTmixitig  of  iHxly  suMuuif  from  two  distinct  individuals 
ami  the  develo|iiiicnt  then-from  of  the  new  individual  is  a 
phenomenon  wliich  titkra  jiluee  through  the  whole  scale  of 
anima)  lif<'.  Tlie  olijeet  of  this  intermixing  se<-iiis  to  be  the 
production  i)f  viiriation;  at  least  it  wmild  sn-ni  that  variation 
must  result  from  such  a  ni(Mle  of  g(<ner.il ion.  By  having  the 
lN>ginning.s  of  an  organism's  ImmIv,  the  single  <i-ll  from  which 
this  whole  ImhIv  develo|>s.  eiimt><iscil  of  juirts  iif  two  different 
indiviiluais,  a  difference  betwui'n  the  ofT^tpring  and   the  par- 


rlixvr  fu'i'Hil  D.lbulK- 


(iliNERATiUN,  SKX   AM)  OMlHiKNV 


fiit«,  althuiijiih  it  may  If  nlight  ami  iniiM-rroprible,  is  iti> 
8urcd.  Snx  is  a  (^nncjition  of  nature  wliicli  is  one,  at  liiftsl, 
uf  Die  causea  of  variation. 


FlQ.  127.— C™ju«»lir.n  nt  Ihn  infu-. 


As  wo  have  sepn,  abnost  every  sppcics  of  animal  is  rei>r(v 
fionl(?il  l»y  Iwo  kiniia  of  individuals,  malew  and  fenialcH,  In  the 
{.■•.vrf  t\\  iiijiny  Hiiiiniils,  rspccially  ihe  simpler  ones,  the^  two 


kimltt  of  iiidividuiila  may  not  diffiT  in  api)earancc  or  in  structure 
apart  from  Ihe  organs  concerned  with  multipiicaiinn.  But 
with  many  animals  thu  sexes  can  be  readily  distinguished. 
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The  male  and  female  individuals  often  show  marked  differences, 
especially  in  external  structural  characters.  We  can  readily 
tell  the  peacock,  with  its  splendidly  ornamental  tail  feather*, 
from  the  unadorned  peafowl,  or  the  horned  ram  from  the 
bleating  eve.  There  is  here,  plainly,  a  dimorphism — the 
existence  of  two  kinds  of  individuals  belonging  to  a  single 
species.  This  dimorphism  is  due  to  sex,  and  the  condition 
may  be  called  sex  dimorphism.  Among  some  animals  this  box 
dimorphism,  or  difference  between  the  sexes,  is  ranied  to  ex- 
traordinary cxtrenioH.     This  is  especially  true  among  poLyga- 


molb :  Um  witiscd  mak  ami  itiiudfi*  fcmaie. 


mous  aninmlH,  or  those  in  which  the  m»ln*  mate  with  many 
females,  and  arc  foroeil  to  fight  for  their  posnotuiion.  The  male 
bird  of  jHiradiso,  with  its  gorfn^iiis  di-iplay  of  brilliantly  colored 
and  fantanlically  Bhaix?d  feathers  (Fig.  128),  seems  a  wholly 
different  kind  of  bird  from  the  nxxlext  brown  fcnutlc.  Tlie 
male  golden  and  silver  pheasants,  and  allied  8]teric8  with  their 
etalioratc  pliitiiagc,  are  ver>'  unlike  the  dull-colored  females. 
Tlie  great,  rough,  warhkc  male  fur  soul,  muring  like  a  Hon,  is 
three  times  as  large  as  the  dainty,  Koft-furred  female,  which 
bleats  like  a  sliccp. 

AnioUfC  wnnc  of  the  lower  animals  the  differences  lietwren 
male  ami  fcnuilc  are  even  greater.  The  males  of  the  common 
cankcrworni  ninth  (Fig.  120)  have  four  wings;  the  females  are 
wingless,  and  several  other  insect  sjiecies  show  this  same 
diffcn-ncc.  .Among  certain  six>ciea  nf  white  ants  the  females 
gntw  to  Im-  five  or  six  inches  long,  while  the  males  do  not  ex- 
eee<l  half  an  inch  in  length.  In  the  ciuie  of  sitine  of  the  jiora- 
sitic  worms  which  live  in  (he  InhIIcs  of  oilier  aiunials  the  nule 
has  un  cxtraunlinarily  degradiil,  :iimi)le  iKHly,  much  smaller 
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than  that  of  the  female  and  differing  greatly  from  it  in  structure. 
In  some  cases  even — ^as,  for  example,  the  worm  which  causes 
"  gapes  "  in  chickens — ^the  male  lives  parasitically  on  the  female, 
being  attached  to  her  body  for  its  whole  lifetime,  and  draw- 
ing its  nourishment  from  her  blood  (Fig.  130). 

Some  of  the  complex  animals  are  hermaphroditic — ^that  is, 
a  single  individual  produces  both  egg 
cells  and  8|)erm  cells.  The  tapeworm 
and  many  allied  worms  show  this  con- 
dition. This  is  the  normal  condition  for 
the  simplest  animals,  as  we  have  already 
learned,  but  it  is  an  exceptional  condition 
among  the  complex  animals. 

However  the  beginnings  of  the  new 
organisms  are  produced,  whether  asexu- 
ally  or  bisexually  (whether,  that  is,  by 
simple  division,  budding,  sporulation,  or 
as  true  but  unfertilized  eggs,  or  as  eggs 
with  a  nucleus  made  by  the  fusion  of  two 
germinal  nuclei  from  male  and  female  in- 
dividuals respectively,  or  from  an  her- 
maphroditic individual),  this  new  organism 
in  embryo  has  a  shorter  or  longer  course 
of  development  and  growth  to  undergo, 
before  it,  in  turn,  is  in  condition  to  pro- 
duce new  individuals  of  its  kind. 

Certain  phenomena  are  familiar  to  us 
as  recurring  inevitably  in  the  life  of  every 
animal  wliich  we  familiarly  know.  VjxQh 
individual  is  born  in  an  immature  or 
young  condition;  it  grows  (that  is,  it  in- 
creases in  size)  and  develops  (that  is, 
changes  more  or  less  in  structure)  and  dies, 
occur  in  the  succession  of  birth,  growth,  and  develo])ment,  and 
death.  But  lx»fore  any  animal  appears  to  us  as  an  indept*ndent 
individual — that  is,  outside  the  bodv  of  the  mother  and  outside 
of  an  egg  (i.  e.,  before  birth  or  hatching,  as  we  are  accustomed 
to  call  such  appearance) — it  has  already  imdergone  a  longer 
or  shorter  period  of  life.  It  has  been  a  new  living  organism 
hours  or  days  or  months,  perhaps,  before  its  appearance  to  us. 
This  period  of  life  has  been  passed  inside  an  egg,  or  as  an  egg, 


Fio.  130.— The  paramtio 
worm.  Syni/amut  traeke' 
ali9,  which  csumm  the 
Kar)e«  in  fowU.  The 
male  w  attached  to 
the  female  and  lives 
ail  a  parasite  on  her. 

These  phenomena 
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Of  in  the  e^  stage,  as  it  is  variously  termed.  The  life  of  an 
animal  as  a  distinct  organism  begins  in  an  egg.  And  the  true 
life  cycle  of  an  organism  is  its  life  from  ^g  through  birth,  growih 
and  development  and  maturity  to  the  time  it  produces  new 
organisms  in  the  condition  of  egjiin.  The  life  cyrle  ia  fn>m 
c©C  to  ofCK.  Birth  and  growth,  two  of  the  phenomena  readily 
apparent  to  us  in  the  life  of  every  animal,  arc  two  phenomena 


Fill.  131.— /.^i*. 


■  {R1.1  ..I  nislr:    II.  I 


in  the  true  life  cycli'.  I>fiitli  is  a  thinl  inevitable  phenoini'mm 
in  the  life  of  esuli  itiiiividiml,  but  it  is  mit  a  iKirt  of  the  cvrlr: 
it  is  Minit'tliiiif;  outsiile. 

The  siiijilo  I'i'll  foniimi  by  the  fiiwion  of  two  prm  (ells  is 
cnlhil  a  fiTtili/i'il  em;  nil.  and  its  milis«i|u<-iit  di'vchijiineiil 
reHults  ill  the  foniiittinn  of  ii  new  itiilividiial  of  llie  same  s{M'i-its 
with  its  piin-iils.  Now.  in  the  development  of  this  cell  into 
a  new  iiTiiniiil.  fixid  is  ni-ccssiiry.  So  wilh  the  f<TliliK<-«l  et'i; 
cell  (here  is.  in  tlie  Ciisf  (if  most  nniin:ds  th:it  lay  epfts.  a  gn'aier 
or  lewH  nmiuirit  i>f  fnoil  iiiiitler— fiwMl  yolk,  it  is  (':dli-<l-  fialli- 
ered  alM«il  the  ncrin  i-.-ll.  and  IhiIIi  p-nn  cell  and  food  yolk 
an-  in<!os<Tl  in  a  sufl  or  h:ird  wall.  Thus  is  eoin|N>se<]  llie 
ciifi  !is  we  know  it.  Tlie  hen's  cfiK  i:*  iv-"  liirj;*'  Jis  it  is  Iw-eaiise 
of  the  iiTi-M  nini.iiiil  of  f<M>.|  yolk  il  ei.iitnins.  The  epg  r)f  a 
lull  as  l;ir<;e  as  :i  lien  is  niiii'h  .-iuiziller  tli.iii  ihe  hi-n's  ffig:  it 
(■oiiluins  li.ss  f<«Hl  yi.lk.  Kkks  fl'iir.  b!-)  'miy  v.iry  also  in 
their  extt-niul  :i|>|<e:ir:in<'e.  U'l-iiiise  of  tlie  difTerent  kimls  of 
nieinliriinc  m-  shells  wliii-li  niiiy  imtose  and  jiroleet  tliein. 
Tlius  tlie   frog's  c):pt  are  inelosed    In  a  ihiu    membrane  and 
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imbedded  in  a  soft,  jellyliko  eubstsncc;  the  skate's  egg  has  a 
toiigh,  dark-brown  leathery  inclosing  wall;  the  spiral  egg  of 
the  bullhead  shark  is  leathery  and  colored  like  the  dark-olive 
t«>aweed8  among  which  it  lies;  and  a  bird's  egg  has  a  hard 
shell  of  carbonate  of  lime.  But  in  each  case  there  is  the  essen- 
tial fertilized  germ  cell;  in  this  the  eggs  of  hen  and  fish  and 
butterfly  and  crayfish  and  worm  are  alike,  however  much  they 
may  differ  in  sue  and  external  appearance. 

There  is  great  variation  in  the  number  of  young  produced  by 
different  species  of  animals.  Among  the  animait  we  know 
familiarly,  as  the  manmiul-s,  whieli  give  birth  to  yoimg  alive, 


and  the  birds,  which  lay  eggs,  it  is  the  general  rule  that  bnt 
few  young  are  produceil  at  a  time,  and  the  young  are  bom  or 
egga  are  laid  only  once  or  perhaps  a  few  times  in  a  year.  The 
robin  lays  five  or  six  eggs  cmce  or  twice  a  year;  a  cow  may 
produce  a   calf  each   year.     Ilabbits  and   pigeons  are   more 
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prolific,  each  having  several  hnxxls  a  year.  But  when  we  ob- 
serve the  multiplication  of  some  of  the  animals  whose  habits 
are  not  so  familiar  to  us,  we  find  that  the  production  of  so  few 
young  is  the  exceptional  and  not  the  usual  habit.  A  lobster 
lays  ten  thousand  eggs  at  a  time ;  a  (|ueen  bee  lays  about  five 

million  eggs  in  her  life  of  four  or  five  years. 
A  female  termite  of  a  certain  species,  after  it  is 
full,  grown,  does  nothing  but  lie  in  a  cell  and 
lay  eggs,  pro<lucing  eighty  thousand  eggs  a  day 
steadily  for  sc^vcral  months.  A  large  ccMlfish 
was  found  on  dissection  to  contain  about  eight 
million  eggs. 

If  we  8t»arc!i  for  some  reason  for  this  gn»at 
difference  in  fertility  among  different  animals, 
we  may  find  a  promising  clew  by  attending 
to  the  duration  of  life  of  animals,  and  to  the 
amoimt  of  care  for  the  yoimg  exercisecl  by 
the  parents.  Wo  find  it  to  Ik*  the  general  rul«» 
that  animals  wliicli  live  nmnv  years,  and  whirli 
take  care  of  their  young,  prcnhM^e  hut  few 
young;  while  animals  which  live  but  a  short 
time,  and  which  do  not  care  for  their  young, 
are  very  prolific.  The  c<Klfish  pnHluces  its  mil- 
lions of  eggs;  tliousands  are  eaten  by  sculpins 
and  other  pre<latory  fishes  In^fore  tlM»y  ari 
hatchcMl,  and  other  thouMinds  of  the  defense- 
li»ss  young  fish  are  eaten  long  l)efore  attaining 
maturity.  Of  tlie  great  nunilxT  prwhicetl  by 
the  parent,  a  few  only  reach  maturity  and 
pr(Mluc(»  n(»w  young.  Hut  the  t»ggs  of  the 
robin  are  hatcluHl  and  protectee  I,  and  the  hel|>- 
less  fi<Mlglings  are  fe<l  and  can^l  for  until  able 
to  co|M'  with  their  natural  cnemii^.  In  the 
next  v<»ar  auothcr  broo<l  is  carefully  rearinl,  and  so  on  for  the 
few  years  of  the  roliin  s  life. 

ft 

Under  normal  conditions  in  any  given  locality  the  numlHT 
of  individuals  of  a  certain  s]H'ci<*s  of  animal  remains  aUnit  the 
same.  The  fish  which  pnMluc(»s  t(»iis  of  thousands  of  eggs 
and  the  hini  which  pn)duc(»s  half  a  dozen  eggs  a  year  main- 
tain e(|ualiy  well  tlieir  nuniln^rs.  In  one  cji,s<»  a  few  survive 
of  many  Iwirn;  in  the  other  many  (relatively)  survive  of  the  few 


Flo.  13.1.— Iv 
of  Imc^wiiiffnl 
fly.  Chrym'/n. 
The  efWH  are 
faatenrtl  Mim- 
imtrly,  Utr  pn>- 
teetiiiM  friitn 
pre«lacr<nif»  iii- 
MCU.  oil  tlie 
tipM  iif  f  reel 
uleiider  pnli- 
dn. 
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bom;  in  both  coses  the  species  is  efTeetively  tnaintaine<l.  In 
general,  no  agency  for  the  perpetuatiun  of  the  s[>ccies  is  so 
effective  as  tJiat  of  care  for  tlie  young. 

Some  animals  do  not  lay  eggs,  tl)at  is,  they  do  not  deposit 
the  fertilized  egg  cell  outside  of  the  body,  but  allow  the  develop- 
ment of  the  now  individual  to  go  on  inside  the  bcniy  of  the 
mother  for  a  longer  or  shorter  period.  The  mammals  and 
Romo  other  animals  have  this  habit.  When  such  an  animal 
iiwiies  from  the  body  of  the  mother,  it  la  said  to  be  bom.  When 
the  developing  ani- 
mal issues  from  an 
egg  which  has  l>cen 
de]M)site(i  outside 
the  hotly  of  the 
mother,  it  Im  said 
to  hutch.  The  ani- 
mal at  birth  or  at 
time  of  hatching  is 
not  yet  f  nih'  (level- 
oped.  Only  part 
of  its  develo|)nient 
or  iMriod  of  im- 
maturity is  jMis.-M'd 
within  the  egg  or 
within  the  IkhIv  of 
the  mother.  That 
part  of  its  life  thiLS  (Afirr  B»bi.) 
passed   within  the 

egg  or  mother's  IkkIv  is  called  the  embryonic  life  or  embryonic 
stages  of  development;  while  that  jx-riod  of  development  or 
immaturity  from  the  time  of  birth  or  hatching  until  maturity 
is  reached  is  called  the  iKJstembryonic  life  or  postembryonic 
stages  of  development. 

The  emiiryiinic  development  is  from  the  beginning  up  to  a 
certain  ixiint  practically  ahkc,  looked  at  in  its  larger  aspect, 
for  all  the  many-celled  animals.  That  is,  there  are  certain 
princiiNil  or  constant  characteristics  of  the  beginning  develop- 
ment whicli  are  pn-sent  in  the  development  of  all  many-celled 
animals.  The  first  utagp  or  phenomenon  of  development  is 
the  simple  fission  of  the  germ  cell  into  halves  (Vig.  1346).  Tliese 
two  daughter  cells  next  divide  so  that  there  are  four  cells 


»trulBJi»irurm- 
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(c);  each  of  these  divides,  and  tliis  division  is  repeated  until  a 
greater  or  lesser  number  (varying  with  the  various  species  or 
groups  of  animals)  of  cells  is  produced.  These  cells  may  not 
all  be  of  the  same  size,  but  in  many  cases  they  are,  no  struc- 
tural differentiation  whatever  being  apparent  among  them. 

The  phenomenon  of  repeated  division  of  the  germ  cell  is 
called  deaxfage^  and  this  cleavage  is  the  first  stage  of  develop- 
ment in  the  case  of  all  many-celled  animals.  Tlie  germ  or  embr>'o 
in  some  animals  consists  now  of  a  mass  of  few  or  manv  undif- 
ferentiatod  primitive  cells  lying  together  and  usually  forming  a 
sphere  (Fig.  1.34,  r),  or  perha{)s  separatcnl  an<l  scattered  through 
the  food  yolk  of  the  egg.  The  next  stage  of  development  is 
this:  the  cleavage  cells  arrange  themst^lvt^  so  as  to  form  a 
usually  hollow  sphere  or  I)all,  the  cells  lying  side  by  side  to 
form  the  outer  circumferential  wall  of  this  hollow  sphere  (/). 
This  is  called  the  hlastula  or  blastoderm  stage  of  development , 
and  the  embrvo  itsi^lf  is  calknl  the  blast ula  or  blastoderm. 
This  stage  also  is  conmion  to  all  the  many-celled  animali^. 
The  next  stage  in  embryonic  (l(»vel()pnient  is  fornwHl  by  the 
tx^nding  inward  of  a  part  of  the  bhustoderm  cell  layer,  as  shown 
in  (</)  (or  the  splitting  off  inwjinlly  of  cells  fn>m  a  s|M»eial  ]>art 
of  the  bhustuhi  cell  Ijivct).  This  InMiding  in  may  pnxluee  a 
small  depression  or  gnMivt*;  but  whatev(T  the  shaix*  or  extent 
of  the  sunken-in  part  of  the  bl:ist(Nlerni,  it  n^sults  in  distinguish- 
ing the  bhistcMhTni  luytT  into  two  parts,  a  sunken-in  or  inner 
IX)rtion  ealle<l  the  vmlohlaHt  and  the  other  unnKNlifuMi  ]M>rtion 
call(M|  the  vctohlasl.  EntUh-  means  within,  and  the  cells  of  the 
endobliist  often  push  so  far  into  the  original  blast(Nlerin  cavity 
as  to  come  into  contact  with  the  c<'lls  of  the  ectoblast  and 
thus  oblit(Tate  this  cavity  (//).  This  thinl  well-nmrk(Hl  stage 
in  the  enibrvoiiic  <levelopnM»nt  is  callnl  tin*  (jastrulu  stage,  and 
it  also  occurs  in  the  development  of  all  or  nearlv  all  manv- 
celle<l  animals. 

In  t!i4»  cas4^  of  a  fc'W  of  the  simple  many-celhMl  animals  the 
embryo  hatch<»s  -  that  is,  issui^s  from  tlie  ei^g  at  the  time  of 
or  very  soon  aft<T  reaching  tlie  gastrula  stage'.  In  the  higher 
animals,  however.  devc'lopmeiU  go(»s  on  within  the  egg  or 
within  tlie  ImmIv  of  the  motluT  until  the  embrvo  becomes  a 
complex  ImmIv.  com|N)si'd  of  many  various  tissu<»s  and  organs. 
Almost  all  the  <levelopineiit  may  take  place  within  the  egg. 
so  that  when  the  young  animal    hatches  there  is  necessary 
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little  more  than  a  rapid  growth  and  increase  of  size  to  make 
it  a  fully  develoi)ed,  mature  animal.  Tliis  is  the  case  with 
the  birds:  a  chicken  just  hatched  has  most  of  the  tissues  and 
organs  of  a  full-grown  fowl,  and  is  simply  a  little  hen.  But  in 
the  case  of  other  animals  the  young  hatches  from  the  egg 
before  it  has  reached  such  an  advanced  stage  of  development; 
a  yoimg  starfish  or  young  crab  or  young  honeylxn?  just  hatched 
looks  very  different  from  its  parent.  It  has  yet  a  great  deal 
of  development  to  undergo  before  it  reaches  the  structural 
condition  of  a  fully  developed  and  fully  grown  starfish  or  crab 
or  bee.  Thus  the  develoi)ment  of  some  animals  is  almost 
wholly  embryonic  development — that  is,  development  within 
the  egg  or  in  the  Inxly  of  the  mother — while  the  development 
of  other  animals  is  largely  postembryonic.  or  larval  develop- 
ment, as  it  is  often  called.  Tliere  is  no  imix)rtant  difference 
l>etweon  embryonic  and  postembryonic  development.  The 
development  is  continuous  from  egg  cell  to  mature  animal, 
and  whetlier  inside  or  outside  of  an  egg  it  goes  on  regularly 
and  im interruptedly. 

The  c(»lls  which  compose  the  embryo  in  the  cleavage  st^ge 
and  l)hist(Klerm  stage,  and  even  in  the  gastrula  stage,  are  ap- 
parently all  .similar;  there  is  little  or  no  different iaticm  shown 
among  th(»ni.  Hut  from  the  gastrula  stage  on,  development 
includes  three  important  things:  the  gradual  differentiation  of 
c(»lls  into  various  kinds  to  form  the  various  kinds  of  animal 
tis.su(»s;  the  arrangement  and  grouping  of  tliese  cells  into  organs 
and  IhxIv  parts;  and  finally  the  developing  of  these  organs  and 
l^xly  parts  into  tlie  sjHK'ial  condition  characteristic  of  the  species 
of  aninial  to  which  the  developing  individual  Iwlongs.  From 
the  primitive  undifferentiated  cells  of  the  blastoderm,  develop- 
ment lends  to  tlu*  s|)ecial  cell  ty]x»s  of  muscle  tissue,  of  bone 
tissue,  of  ncTve  tissue;  and  from  the  generahzeil  ccmdition  of 
the  (^nihryo  in  its  early  stages,  development  leads  to  the  s]x*cial- 
ized  condition  of  the  Imdy  of  the  adult  animal.  Development 
is  from  the  general  to  the  siM*cial,  as  was  siiid  years  ago  by 
von  Baer,  tlie  first  great  student  of  development. 

A  starfisli,  a  beetU*,  a  dove,  and  a  horse  are  all  alike  in 
their  beginning — that  is,  the  Ixxly  of  each  is  comiX)swl  of  a 
single  cell,  a  singh*  structural  unit.  And  they  are  all  ahke,  or 
very  niucli  alike,  through  several  stages  of  development;  the 
body  of  each  is  first  a  single  cell,  then  a  number  of  similar  un- 
IG 
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differentiated  cells,  and  then  a  blastoderm  consisting  of  a  single 
layer  of  similar  undifferentiated  cells.  But  soon  in  the  course 
of  development  the  embr>'06  begin  to  differ,  and  as  the  young 
animals  get  further  and  further  along  in  the  course  of  their 
development,  they  become  more  and  more  different  untij) 
each  finally  reaches  its  fully  developed  mature  form,  showing 
all  the  great  structural  differences  between  the  starfish  and 
the  dove,  the  bec^tle  and  the  horse.  That  is,  all  animals  begin 
development  apparently  alike,  but  gradually  diverge  from  each 
other  during  the  course  of  development. 

There  are  some  extremely  interesting  and  significant  things 
about  this  divergence  to  which  attention  should  l)e  given. 
While  all  animals  are  apparently  alike  structurally  *  at  the 
beginning  of  development,  so  far  as  we  can  see.  they  do  not 
all  differ  noticeably  at  the  time  of  the  first  divergence  in  d«^ 
velopment.  The  first  div€Tgence  in  development  is  to  \ye 
noted  between  two  kinds  of  animals  which  belong  to  different 
great  grou|)s  or  class(»s.  But  two  animals  of  different  kinds, 
both  l>elongin^  to  some  oiu^  great  group,  do  not  show  difference's 
until  later  in  thoir  ch^velopnient.  This  can  lx»st  Ih»  underst(KMl 
by  an  exani])le.  All  tlie  l)utterfli(»s  and  lH»<»tles  and  grass- 
hopp(*rs  and  files  Ix^long  to  the  gnat  group  or  cla.^s  of  animals 
called  Insecta,  or  insects.  There  are  many  different  kinds  of 
insects,  and  tlM*se  kinds  can  l)e  arrange<l  in  sulxirdinate  grou|)8 
(orders) ,  such  as  the  DiptcTa,  or  fln»s,  the  Lepidoptera,  or  butter- 
flies and  moths,  and  so  on.  But  all  have  certain  structural 
characteristics  in  common,  so  that  they  are  com])ris<Hl  in  one 
great  cla.ss — the  Insecta.  Another  great  gnnip  of  animals  is 
known  as  the  \'ertel>rata,  or  backl)oned  animals.      The  cla.ss 


'  We  can  Hay  tlmt  they  art*  alike  Htnirturally,  only  when  we  roiutider 
thf>  r«*ll  a^  the  unit  of  animal  Htnirtiin'.  Hut,  that  th«>  e^oc  ct*lbi  of  different 
aniniabt  difftT  in  tht>ir  fine  or  ultimate  Htnieture,  He<*nw  rt*rtain.  ¥ot  ea4*h 
oiM*  of  tlu'^ie  ('fcg  eelU  is  <l(>i4tinetl  to  Itecome  Home  one  kind  of  animal,  and 
no  otiM'r;  <>»rh  in.  inde«tl.  an  individual  in  Him()l(*Ht.  I<>:u4t  devehtfied  rtm- 
dition  of  some  one  kind  of  animal,  and  we  must  U'lieve  that  difference  in 
kind  of  animals  de|K'nds  ufxm  differt*n<*e  in  stnieture  in  tlH*  efOC  itnelf. 
Indetnl  Wilsiin,  the  f<in>mot<t  Am«>riran  student  of  «*gg  stnictun*.  iM*liev«'S 
hiniM'lf  al>l«>  to  |»en*«*ivt>  in  many  v^sff*  a  stnietund  diffen*ntialion  within 
the*  eg^  pnitoplasm  itx^lf.  r(»rn's|Mmdine,  in  S4>in«'  me:ksun\  with  the  ntruc- 
tural  diffen'utiation  o(  the  euihr^'«mic  animal  aa»  rt*veali*d  in  early  develop- 
uentai  ittagev. 
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Vertebrata  inehulcH  the  fisheH,  the  ])atrachian8,  the  reptiles, 
the  birds,  and  the  mammals ,  each  composing  a  subordinate 
group,  but  all  characterized  by  the  ]M)sse8sion  of  a  backl)one, 
or,  more  accurately  8]x^aking,  of  a  notochord,  a  l)ackbonelike 
structure.  Now,  an  insect  and  a  vertebrate  diverge  very 
scMin  in  their  development  from  each  other;  but  two  insects, 
such  as  a  In^etle  and  a  honey bc»e,  or  any  two  vertebrates,  such 
as  a  frog  and  a  pigecm,  do  not  diverge  from  eacli  otiier  so  soon. 
Tliat  is,  all  vertebrate  animals  diverge  in  one  direction  from 
the  other  great  groujw,  but  all  the  memlK^rs  of  the  great  group 
keep  together  for  some  time  longer.  Then  the  suliordinate 
grouj^s  of  the  Vertebrata,  su<'h  as  the  fishe»s,  th(»  birds,  and  the 
ot tiers,  diverge,  and  still  later  the  different  kinds  of  animals 
in  eacli  of  these  groujw  diverge  from  each  other. 

That  the  course  of  devclo])ment  of  any  animal  from  its 
iK^ginning  to  fully  develo|>e<l  adult  form  is — in  all  its  (essentials 
-fixed  and  certain  is  readily  seen.  All  rabbits  develop  in 
the  same  way;  ev<Ty  gntsshopper  goes  through  the  same  de- 
velopmental chang(»s  from  single  o^  cell  to  the  full-grown, 
a<*tive  hoppcT  as  every  other  grasshopfKT  of  the  same  kind — 
that  is,  developm(»nt  takes  place  according  to  certain  natural 
laws:  the  laws  of  animal  development.  These  laws  may  be 
roughly  stated  as  follows:  All  many-celled  animals  Ix^gin  life 
as  a  single*  cell,  the  fertilized  egg  cell;  each  animal  goes  through 
a  certain  ord(Tly  seric»s  of  developmental  changes  which,  ac- 
companied by  growth,  leads  the  animal  to  change  from  single 
c(»ll  to  the  many-celled,  complex  form  characteristic  of  the 
siHM-ies  to  which  the  animal  belongs;  this  development  is  from 
simple  to  complex  structural  condition;  the  development  is 
the  same  for  all  individuals  of  one  six»cies.  Wliilc  all  animals 
lH»gin  d(»velopment  similarly,  the  course  of  development  in 
th(»  different  groui>s  so<m  diverges,  the  divergence  l)eing  of  the 
nature  of  a  branching,  like  that  shown  in  the  growth  of  a  tree. 
In  the  free  tijw  of  the  smallest  branches  we  have  represented 
tli(*  various  s])ecies  o(  animals  in  their  fully  develojxxl  con- 
dition, all  standing  more  or  less  clearly  apart  from  each  other. 
Hut  in  tracing  back  the  development  of  any  kind  of  animal 
we  soon  come  to  a  i)oint  where  it  very  much  resembles  or 
Ix^comes  apparently  identical  with  the  development  of  some 
other  kind  of  animal,  and,  in  addition,  the  stages  passed  through 
in   the  developmental  course  may  very  much  resemble  ♦*** 


SVOUTlU.V    ASIJ  ANIMAL  LIKE 


1  lo]  .  nmtiirt-  kUk<'m  of  lower  Animate.  To  }>e  Kurr, 
umal  ui  uny  otugc  in  its  LwiKtcncc  difTcni  ulwoluU'ly  from 
}i<T  kind  of  Aiiinial,  in  tliat  it  r^n  develop  into  only  ita 
d  of  animtd.  Thrrc  is  something  inhuront  in  psch 
iinj;  aninial  that  gives  it  an  identity  of  itfi  own.  Al- 
ii in  itH  younfi;  Htages  it  nuiy  l>e  liardly  distinguishable 
dome  other  kind  of  aninial  in  similar  atagea,  it  is  sure  to 
out,  whvn  fully  dcvch>]HHl,  nn  individiml  of  the  wme 
jB  ita  parents  wore  or  arp.  A  very  young  fish  and  a  v*t>' 
;  salamander  are  almoet  indistinguishably  alike,  but  one 
e  to  develop  into  a  fish  and  the  other  into  a  salamander, 
•^rtainty  of  an  embryo  to  become  an  individual  of  a 
.  kind  is  called  the  law  of  heredity.  Viewed  in  the  light 
elopment,  there  must  be  as  great  a  difference  between 
■g  and  another  as  between  one  animal  and  another,  for 
later  difference  is  included  in  the  less. 
i  significBnce  of  the  developmental  phenomena  is  a 
01'  about  which  naturalists  have  yet  very  much  to  learn. 


It  is  Ijclieved,  however,  by  practically  all  naturalists  that  many 
of  the  various  stages  in  the  development  of  an  animal  cor- 
respond to  or  rejieat,  in  many  fundamental  features  at  least, 
the  structural  condition  of  the  animal's  ancestors.  Naturalists 
believe  tliat  all  Iwicklxinod  or  vertebrate  animals  are  related 
to  each  otlier  through  being  descended  from  a  common  ancestor, 
the  first  or  oldest  backboned  animal.     In  fact,  it  is  because  all 
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tlicsc  backboDod  animala  —  the  fishes,  the  Itatrachians,  the 
regitilea,  the  birds,  and  the  mammals — have  descended  from 
u  common  ancestor  that  they  all  have  a  backbone.  It  is 
Imlicved  that  the  descendants  of  the  first  backboned  animal 
have  in  the  course  of  many  generationH  branched  off  little  by 
little  from  the  original  type  until  there  came  to  exist  very 
real  and  obvious  diiferencea  among  the  backl>oned  animals — 


diffprencos  which  amnnfi;  the  livinp  backboned  animals  are 
familiar  to  all  of  iin.  The  course  of  dcvrlopmont  of  an  in- 
divi<lunl  animal  is  l>olicv«l  to  be  a  very  rapid  and  evidently 
much  comlcnM><l  and  chan^nnl  recapitulation  of  the  history 
which  the  «|>eoiea  or  kind  of  animal  to  which  the  developing  in- 
dividual lM>](>ng»  has  pa»»ed  through  in  the  course  of  its  descent 
through  a  long  series  of  gradually  changing  ancestors.  If  this  is 
tnie,  then  we  can  readily  underNlund  why  a  fish  and  a  salaman- 
der, a  tortoise,  a  bird  and  a  rabbit,  are  all  much  alike,  as  they 
really  are,  in  their  earlier  .stages  of  development,  and  gradually 
(Mnie  lo  differ  more  and  more  as  they  iKuw  through  later  and 
later  de^-elll))^lenlal  Stages.     A  i-rab  has  a  tail  in  one  of  its 
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developmental  stages,  so  that  at  that  time  it  looks  like  and 
really  is  like  the  mature  stage  of  some  tailed  crustacean  like 
a  crayfish.  A  barnacle,  which  looks  little  like  a  crayfish  or 
crab  in  its  mature  stage,  is  hardly  to  be  distinguished  in  its 
immature  life  from  a  young  crab  or  lobster.  Saccu/tna,  which 
is  a  still  more  degenerate  crustacean,  is  only  a  sort  of  feeding 
sac  with  rootletlike  processes  projecting  into  the  body  of  the 
host  crab  on  which  it  lives  as  a  parasite,  but  the  young  free- 
swimming  Sacculina  is  essentially 
like  a  barnacle,  crayfish,  or  crab 
in  its  young  stage. 

However,  it  is  obvious  that 
this  recapitulation  or  repetition 
of  ancestral  stages  is  never  per- 
fect, and  it  is  often  so  obscured 
and  modified  by  interpolated 
adaptive  stages  and  characters 
that  but  little  of  an  animal's 
ancestry  can  Ih»  learn<Ml  from  a 
scrutiny  of  its  development. 
The  fascinating  biogenetic  law 
of  Miillor  and  Haeckel  sunmunl 
up  in  the  phras(»,  "ontogeny  is 
a  recapitulation  of  phylogcny," 
must  not  Im*  too  hcavilv  leaninl 
on  as  a  support  for  any  s|>ecula- 
tions  as  to  the  pliyletic  affmities  of  any  si>ocies  or  group  of 
species  of  organisms.  "  Kmbryology  is  an  ancient  manuscript 
with  many  of  the  sheets  lost,  others  displacctl,  and  with 
spurious  iNUSsages  inter|H)late<l  by  a  later  hand.*' 

While  a  young  n)bin  when  it  hatchi»s  from  the  egg  or  a 
young  kitten  at  !)irth  n^enihK»s  its  parents,  a  young  starfish 
or  a  young  crab  or  a  yoinig  butterfly  wlien  hatched  dovs  not 
at  all  n»s<Miibh»  its  parents.  And  wliile  tlie  young  robin  after 
hatching  U'conn^s  a  fully  grown  robin  simply  by  growing  larger 
and  undtTgoing  comparatively  sliglit  ilrvelopniental  changes, 
the  young  starfisli  or  young  butt<Tfly  not  only  grows  larger, 
but  uuilcrgoos  some  very  striking  developmental  changes:  the 
IxKiy  chang<^  very  much  in  apiH\«irance.  Marke<l  changes  in 
the  l>o<ly  of  an  animal  fiuring  |M>st embryonic  or  larval  de- 
velopment constitute  what  is  called  nwtaffwrjAic  developmeni. 


Fia.  1.17.—  M«*tamon>ha8is  of  a  bar- 
nacle. LtfMia:  a.  Larva;  b,  adult. 
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or  the  ftnimal  is  snid  to  undergo  or  to  show  mcUtntorplwsis  iti 
its  dovffloiirncnt. 

This  iiirLaniiirphoHis  is  raiiiiliar  to  nil  in  iiiscrtM :  lo  xoul(igiHt»<, 
it  Is  familiar  among  numerous  otlier  kinds  of  animalH.     Fig.  I'.iS 


shows  the  differpnt  stages  in  the  metamorphi*;  dcvelo|imcnt 
of  the  common  large  red-brown  milkweed  butterfly,  Anogia 
pUxippwi.  From  the  <*gg  hatclies  a  crawling,  wormlikc  htrA'tt, 
wingless,  without  com|M>uDd  eyes,  and  with  strong  jaw's  and 
other  mouth  part^  fitli-d  for  biting.  This  ereature  dcvehtps 
into  the  winged  butterfly  with  different  eyes,  different  anlerma>, 
difTerent  moiuli  jjartit,  different  almnut  everything.  .And,  by 
the  inte^^'OIltion  of  a  eurious  iiui(«eent  stage  culled  the  pupfti 
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or  chiyaalid  stage,  the  changes  seem  to  be  made  by  sudden 
leaps.  Of  course,  this  is  not  so.  It  is  all  done  gradually, 
although  there  are  certain  periods  in  the  course  of  the  develop- 
ment when  the  changing  is  more  rapid  and  radical  than  at 
other  times.  The  changing  is  maaked  by  the  outer  covering 
of  larva  and  pupa,  and  although  it  is  indeed  startlingly  radical 
in  its  character,  it  is  wholly  continuous. 

The  metamorphosis  of  frogs  and  toads  also  ia  familiar. 


Fio.  130.— HIacn  in  dBvelopldttil  iif  Mlkwurm 


The  PRRK  nf  llic  ttiail  nn^  armnRcd  in  Ioiik  KtrinKK  or  riMiorut 
in  a  tnthsiMin-nt  jcllyliko  HulMtunco.  Th(>s4'  jt-llv  rihlNtiut 
with  thf  KnmH,  l)lm-k,  iM-udliko  c-ngs  in  Ihcm  tin^  woiiml  amund 
the  HtciiM  iif  HiiliiiicrKcd  pluiitH  nr  sticks  ii<-ur  the  shorra  of 
the  |N)iiil.  l-'nini  each  fgff  hatcli(<s  a  tiny,  u-rigjcling  totl- 
ix»lc,  ilifTcriiiR  ni-iirly  as  inufh  from  a  fiill-Kro»'n  toad  as  a 
catcrpilliir  difTcra  from  a  liiittcrfly.  Th(>  t»il|M>l(<s  fe«l  on  the 
mirnMcojiir  jiKiiiIh  to  t>c  found  in  the  wulcr,  ntvl  suim  easily 
alMUit  l>y  iix'uns  of  thi-jr  lone  ttiilH.  The  vitv  voiiiik  tail)M)les 
r«>mniii  uinl(Tiii-ath  the  surfiicp  of  iho  will  it  hII  the  time,  brfath- 
ing  the  air.  wliich  in  luixetl  with  the  w:iI<t.  by  mmiis  of  gill*. 
Bnt  a.-"  they  IxTonic  older  and  larpT  thi'V  cdmc  often  to  the 
surface  of  tlie  wiiter.  l.tinK^  "re  di'velopinft  inside  the  liody, 
and  the  titd|Hi)e  in  iM'^iiuiin^  to  hrruthe  iis  :i  land  aninial. 
although  it  Htill  breathes  jntrtly  by  means  of  gills,  that  is,  as 
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»n  ftquatir  aniiiml.  Soon  il  is  apporont  that  although  the 
t&iipole  id  Btiiadily  and  rapidly  grnwing  larger,  itn  tail  is  grow- 
ing shurtcr  and  uniuller  instciul  of  loiigiT  and  larger.  At  the 
tuiiiiG  lima,  fore  and  hind  legs  bud  out  and  rapiiily  tnktr  form 
and  become  functional.  Hy  Die  lime  tliat  the  tail  gets  very 
short  indcod,  the  young  toatJ  is  ready  to  leave  the  water  ivn<l 
live  as  a  laml  auinial.  On  land  the  toad  lives,  as  wo  knuw, 
on  insects  and  snails  and  worms.  The  motamorplioeia  of  the 
toud  is  not  so  striking  an  that  of  thv  butt^Tlly,  hut  if  the  tad- 
pole were  inclosed  in  an  iinehanpng  opaque  body  wall  while 
il  was  losinj;  lis  tail  and  gi'tting  its  IcRS,  and  this  wall  were 
to  be  shed  after  tliivr  rhiiiigps  were  miidc,  would  not  the  mrta- 


butt«rfiy?     But  in  the  mptnmorph(wiH  of  the  toad  we  can  see 
the  gradual  and  eontinuous  charaoter  of  the  change. 

MaJiy  other  aniiuuls,  lM>sides  insects  and  frogs  and  toads, 

'  undergo   metamorphosia,     Tho  jiist^hatched  sea  urchin  does 

not  nwmble  a  fully  developeil  eca  urchin  at  all.     It  Is  a  Dunute 
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wormUke  creature,  provided  with  cilia  or  vibratilc  hairs,  by 
means  of  which  it  swims  freely  about.  It  changes  next  into 
a  ciuious  bootjack-shaiMxi  body  called  the  pluteus  stage.  In 
the  pluteus  a  skeleton  of  lime  is  formed,  and  the  final  true  sea- 
urchin  body  begins  to  appear  inside  the  pluteus,  developing 
and  growing  by  using  up  the  body  substance  of  the  pluteus. 
Starfishes,  which  are  closely  related  to  sea  urchins,  show  a 

similar  metamorphosis, 
except  that  there  is  no 
pluteus  stage,  the  true 
starfish-shaped  body 
forming  within  and  at 
the  exiH^nse  of  the  first 
larval  stage,  the  (*iliate<i 
frce-swinuning  stage. 

A  young  crab  just 
issued  from  the  egg 
(Fig.  141)  is  a  very 
different  appearing 
creature  fnmi  the  adult 
or  fully  develofKHl  rrab. 
The  IhmIv  of  the  eral* 
in  its  first  larval  stagr 
is  r()iniM>s(Hl  of  a  short, 
gIol»uhir  {Mirtion,  fur- 
iusIkmI  with  I'onspiruons 
long  spines  and  a  rela- 
tively long,  joint e<i  tail. 
This  is  eallcMl  the  zot*a 
stage.  The  7AH*ii  rhanges  into  a  stage  ealUnl  the  niegah)|)s, 
which  Ikis  many  eliarart eristics  of  the  a<lult  erab  condition, 
but  differs  (»s|HM'ially  from  it  in  the  |M)ss<»ssion  of  a  long,  wg- 
mentinl  tail,  and  in  having  the  front  half  of  the  InmIv  longer 
than  wide.  Thv  crab  in  the  inegalo|>s  stage  l<M»ks  vctv  much 
Hke  a  tiny  lo))ster  or  shrimp.  The  tail  soon  disapiM*ara  and 
the  IkmIv  wid«'ns.  and  the  final  stage  is  reachiHl. 

In  many  faniili<*s  of  fishes  th<*  chaiig<'s  which  take  place  in 
the  coiirse  of  the  life  cycle  an»  almost  as  great  Jis  in  tiie  easi* 
of  the  insect  or  the  toad.  In  the  la<lyfisli  (Allmln  ntlfMM)  the 
verv  voung  are  riblHUilike  in  form,  with  small  lu^ads  and  verv 
loose  texture  of  the  tissu«»s,  the  ImkIv  s»il)stance  Uing  jelly- 


Fio.  141. — Met«ni<in>h«M«ii«  (»f  a  rrali:  n,  Tlie  X4M*a 
tfUgce;  h,  the  nirical(i|>i(;  r.  tli«  wlult. 
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like  and  transparent.  As  the  fish  grows  older  the  body  oecomes 
more  compact,  and  therefore  shorter  and  sHmmer.  After 
shrinking  to  the  texture  of  an  ordinary  fish,  its  growth  in  size 
begins  normally,  although  it  has  all  the  time  steadily  increased 
in  actual  weight.  Many  herring,  eels,  and  other  soft-bodied 
fishes  pass  through  stages  similar  to  those  seen  in  the  ladyfish. 
Another  tyf)e  of  development  is  illustrated  in  the  swordfish. 
The  young  has  a  bony  head,  bristling  with  spines.  As  it 
grows  older  the  spines  disapixnir,  the  skin  grows  smoother,  and. 


a 


Fio.  142. —Throe  stamen  in  the  (levolojunent  of  the  MW<)r<lfif«h,  X\i)h\a%  gladiua:  a.  Very 

young:  h,  ohler;  r,  adult.     (After  I.iitken.) 


finally,  the  bones  of  the  upjxT  jaw  grow  together,  forming  a 
prolonged  sword,  the  teeth  are  lost  and  the  fins  l)ecome  greatly 
mollified.  Fig.  142  shows  tliree  of  these  stages  of  growth.  The 
flounder  or  flatfish  (Fig.  14.'^)  when  full  grown  lies  flat  on  one 
side  when  swinuning  or  when  resting  in  the  sand  on  the  Ixittom 
of  the  sea.  The  eves  are  both  on  the  upper  side  of  the  body, 
and  the  lower  side  is  blind  and  colorless.  Wlien  the  flounder 
is  hatclied  it  is  a  transparent  fish,  broad  and  flat,  swimming 
vertically  in  the  water,  with  an  eye  on  each  side.  As  its  de- 
velopment goes  on  it  rests  itself  oblicjuely  on  the  bottom,  the 
eye  of  the  lowtT  side  turns  upward,  and  as  growth  proceeils  it 
pa.Hses  gradually  around  the  forehead,  its  socket  moving  with 
it,  until  both  eyes  and  sockets  are  transferred  by  the  twisting 
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of  the  skull  to  the  upper  side.  In  some  related  fonns,  called 
aoles,  the  small  eye  passes  through  the  head  and  not  around 
it,  appearing  finally  in  the  same  socket  with  the  other  eye. 

Thus  in  almost  all  the  great  groups  of  animals  we  find 
ootain  kinds  which  show  metamorphosis  in  thdr  postem- 
bryonic  development.  But  metamorphosis  is  nmply  develop- 
ment; its  striking  and  extraordinaTy  features  are  usually  due 
to  the  fact  that  the  orderly,  gradual  course  of  the  development 
is  revealed  to  us  only  occasionally,  with  the  result  of  giving 


the  impresHion  tijal  tlio  (iovclitpmrnt  is  procreOiiifC  liy  Iritps  mid 
bounds  from  one  strange  Ktagc  lo  umithcr.  If  mrtamorphosiiii 
is  carefully  studied  it  loses  ita  a.s[)oct  of  marvoi,  nlthoiigh  never 
its  great  interest. 

After  an  animal  has  r<implo1ed  its  develnpmrnt  it  has  but 
one  thing  to  do  to  complete  it8  life  cycle,  and  that  ix  the  pro- 
duction of  offspring.  When  it  has  laid  eggs  or  given  hirlh  to 
young,  it  has  insure<l  the  beginning  of  a  new  life  eyelc  l>c>es 
it  now  die?  Is  the  business  of  ils  life  aeeompli.sliwl?  There  arc 
many  animals  which  the  immnliately  or  very  soon  after  Uying 
eggs.  Some  of  the  May  flies — ephemeral  insects  which  issue 
as  wingoil  adults  from  i><)nds  or  lakes  in  which  they  liave  spent 
from  one  to  three  years  as  ntjuatie  crawling  or  swimming  larva-, 
flutter  alM>ut  f<ir  an  evening,  mate,  ilroji  their  packets  of  fertil- 
ized eggs  into  the  water,  and  ilie  l>efure  the  simri.se — are  ex- 
treme exauipli-H  iif  the  numerous  kinds  of  animals  whose  adult 
life  lasts  only  long  enough  for  mating  and  egg-laying.  Hut 
elephuiils  li\-e  fur  tuo  Imndred  years.  Whales  probably  live 
longer.  A  liorse  lives  alMint  thirty  years,  and  so  may  a  cat  or 
toail.  A  sea  anemone,  which  wan  kept  in  an  aquarium,  lived 
sixty-six  years.  Crayfislies  mny  Yivi-  tw4'nty  y<'ar8,  A  queen 
bee  was  kept  in  cajittvity  for  fifteen  years.     Most  birds  have 
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long  lives — the  small  song  birds  from  eight  to  eighteen  years, 
and  the  great  eagles  and  vultures  up  to  a  hundred  years  or 
more.  On  the  other  hand,  among  all  the  thoasands  of  species 
of  insects,  the  individuals  of  very  few  indeed  live  more  than  a 
year ;  the  adult  life  of  most  insects  being  but  a  few  days  or  weeks, 
or  at  best  months.  Even  among  the  higher  animals,  some  are 
very  short-lived.  In  Japan  is  a  small  fish  (Solaiix)  wiiich  prob- 
ably livps  but  a  year,  ascending  the  rivers  in  numl)ers  when 
young  in  the  spring,  the  whole  mass  of  individuals  dying  in  the 
fall  after  spawning. 

Naturalists  have  sought  to  discover  the  reason  for  these 
extraordinary  differences  in  the  duration  of  life  of  different 
animals,  and  while  it  cannot  be  said  that  the  reason  or  reasons 
are  wholly  known,  yet  the  [)robability  is  strong  that  the  dura- 
tion of  life  is  closely  connected  with,  or  dependent  UjKm,  the 
conditions  attending  the  production  of  offspring.  It  is  not 
sufficient  that  an  adult  animal  shall  produce  simply  a  single 
new  individual  of  its  kind,  or  even  only  a  few.  It  must  produce 
many,  or  if  it  produces  comparatively  few  it  must  devote  great 
care  to  the  rearing  of  these  few,  if  the  per])etuation  of  the 
sjwcies  is  to  be  insured.  Now,  almost  all  long-lived  animals 
are  sfwcies  which  produce  but  few  offspring  at  a  time,  and 
reproduce  only  at  long  intervals,  while  most  short-live<l  animals 
produce  a  great  many  eggs,  and  th(*se  all  at  one  time.  Birds 
are  long-livod  animals;  as  we  know,  most  of  them  lay  eggs  but 
once  a  year,  and  lay  only  a  few  oggs  each  time.  Many  of  the 
sea  birds  wliich  swarm  in  countless  iiumlx»rs  on  the  rocky 
ocean  islets  and  great  s(»a  cliffs  lay  only  a  single  (»gg  once  each 
year.  And  those  birds,  the  guillemots  and  murres  and  auks, 
are  especially  long-livod.  Insects,  on  the  contrary,  usually 
produce  many  oggs,  and  all  of  them  in  a  sliort  time.  The  May 
fly,  with  its  one  evening's  lifetime,  lets  fall  from  its  IxKly  two 
packets  of  oggs  and  then  dies.  Thus  the  shortening  of  the 
|HTio(l  of  reproduction  with  the  pnHluction  of  a  great  many 
ofTs])ring  seem  to  be  always  associated  with  a  short  adult  life- 
time; while  a  long  ]x»ri()d  of  reproduction  with  the  production 
of  few  offspring  at  a  time  and  care  of  the  offspring  are  asso- 
ciatwl  with  a  long  adult  lifetime. 

At  the  end  comes  death.  After  the  animal  has  complet<?d 
its  life  cycle,  after  it  has  done  its  share  toward  insuring  the 
per]K»tuation  of  its  sjKicies,  it  dies.     It  may  meet  a  violent 
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(iwith,  may  bf?  kUlwl  Ijy  artiiletit  or  by  cnemips,  iKifnTC  thf*  lile 
t-yi'If  w  corripli'twl.  Ami  lliw  Is  l\w  (nlf  of  iW  viuil  majority 
of  atiinmk  which  are  tmni  or  hiitchod.  Or  ciratli  may  come 
before  ihtr  tiniv  for  l)irlh  or  liutciiiiig;.  Of  the  niiUioiu)  of  (>gfp( 
lud  by  a  fish,  parh  egg  a  ni-w  fiah  ii>  simplest  stugL-  of  Juvclup- 
niCDl,  liow  many  or  rathor  huw  fow  come  to  maturity,  bow 
few  complete  tlic  rycle  o(  lifo! 

Of  ii(>ath  we  know  the  eeeential  mcanitif;.  life  rpa«* 
and  ean  iiover  \k  renewed  iti  the  iKxiy  of  tlie  detul  atiiniAl.  It 
is  important  tliat  we  include  the  words  "  can  never  Ix-  renewed." 
for  t»  Miy  nitiiply  that  "life  ccjuira,"  tlut  in,  that  the  pcrforiu- 
snco  of  tlie  life  proeesHos  or  funetioiu  cviuteii,  it*  not  reuDy  di-nth. 
It  it*  eaxy  to  diatinguiah  in  moat  eaace  between  life  and  dealli, 
between  a  live  ariiiiuti  and  a  dead  one.  yet  llurn*  are  cumes  of 
apparent  death  or  a  «?mblance  of  death  whieli  are  very  ptiznIitiK- 
liie  itMt  of  life  ifl  luiiially  taken  lo  l>e  the  ix'rfornianee  of  lift: 
functions,  the  assimilation  of  food  and  excretion  of  wiutte,  the 
breathing;  in  of  oxygen,  and  breuthing  out  uf  carbonie-aetd 
gas,  movement,  feeling,  etc.  But  some  animals  can  actually 
suspend  all  of  these  functions,  or  at  least  reduce  them  to  such 
a  minimtmi  that  they  cannot  ]» |>crceiv(Hl  by  tlic  strictoxt  exam- 
ination, and  yet  not  be  dead ;  that  is,  they  can  renew  again  (he 
performance  of  tlie  life  processes.  Dears  anti  aonie  other 
animals,  among  them  many  insects,  siM>nd  the  winter  in  a  slate 
of  deathlike  sleep.  Perhaps  it  is  but  sleep;  anil  yet  hil>emal- 
ing  insects  can  be  frozen  solid  anti  remain  fn)zen  for  weeks  and 
months,  and  still  retain  the  power  of  actively  living  again  in 
the  following  spring.  Even  more  remarkable  is  the  case  of 
certain  minute  animals  called  Uotatoria  and  of  others  called 
Tardigrada,  or  bear  animaleulea.  These  bear  animalcules  live 
in  water.  If  the  water  dries  up,  the  animalcules  dry  Up  too; 
they  shrivel  into  fiirmh-ns  little  masses  and  l>eeome  ditiiccatetl. 
They  are  thus  simply  dried-up  hits  of  orgiinli'  matter;  they  arc 
organic  dust.  Now,  if  after  a  long  time — years  even — one  of 
these  organic  dust  particles,  one  of  these  drie*l-up  bear  ani- 
malcules, is  put  into  water,  a  strange  thing  hap|>ens.  The  bo<iy 
swelhf  and  stretches  out,  the  skin  becomes  smooth  instead  of 
all  wrinkled  and  folded,  and  the  legs  api>ear  in  normal  shape. 
The  body  is  again  as  it  was  years  iK-fore,  and  after  a  quarter 
of  an  hour  to  several  hours  (de|>ending  im  the  length  of  time 
the  animal  has  lain  dormant  and  dried)  slow  movements  of 
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the  body  parts  begin,  and  soon  the  animalcule  crawls  alx)ut, 
Ix^gins  again  its  life  where  it  had  been  interrupted.  Various 
other  small  animals,  such  as  vinegar  eels  and  certain  Protozoa, 
show  similar  jK)wers.  Certainly  here  is  an  interesting  problem 
in  life  and  death. 

When  death  comes  to  one  of  the  animals  with  which  we 
are  familiar,  we  are  accustomed  to  think  of  its  coming  to  the 
whole  l3<Mly  at  some  exact  moment  of  time.  As  we  stand 
l)eside  a  \wt  which  has  lHH»n  fatally  injured,  we  wait  until 
suddenly  we  say,  **  It  is  dead  I "  As  a  matter  of  fact,  it  is  diffi- 
cult to  say  when  death  occurs.  I/ong  after  the  heart  ceases 
to  l>eat,  other  organs  of  the  Ixxly  are  alive — that  is,  are  able  to 
jHTform  their  s[x»cial  functions.  The  muscles  can  contract  for 
minut(*s  or  hours  (for  a  short  time  in  warm-bl()ode<i,  for  a  long 
time  in  cold-l)looded  animals)  after  the  animal  ceases  to  breathe 
and  its  heart  to  beat.  Kven  longer  live  certain  cells  of  the 
ImmIv,  esjMM'ially  the  auKeboid  white  bUxMl  corpuscles.  These 
cells,  much  lik(»  the  Amfefni  in  character,  live  for  days  after  the 
animal  is,  as  we  say,  d(»ad.  Tlie  cells  which  line  the  tracheal 
tul)e  leading  to  the  lungs  Ix^ar  cilia  or  fine  hairs  which  they 
wave  l)ack  and  forth.  They  continue  this  movement  for  days 
after  the  heart  has  ceased  lieating.  Among  cold-l)looded  ani- 
mals, like  snakes  and  turtles,  complete  cessaticm  of  life  func- 
tions comes  very  slowly,  ev(»n  after  the  Inidy  has  bt»t»n  literally 
cut  to  ])ieces. 

Thus  it  is  essential  in  defining  death  to  s{)eak  of  a  complete 
and  |KTmanent  cessation  of  the  |)t»rformance  of  the  life  processes. 


CHAPTER  XIII 

FACTORS  IN  ONTOGENY  AND  EXPERIMENTAL 

DEVELOPMENT 

Many  biologists  find  their  ji^atest  triumph  in  the  doctrine  that  the 
Hving  body  is  a  ''mere  machine/'  but  a  machine  is  a  collo<*ation  of 
matter  and  energy  working  for  an  end,  not  a  spinning  toy,  and  when 
the  fiving  machine  is  compared  to  the  products  of  human  art  the 
legitimate  deduction  is  that  it  is  not  merely  a  spinning  eddy  in  a 
■Cream  of  dead  matter  and  mechanical  energ>',  but  a  little  ganlcn  in 
the  physical  wilderness. 

What  the  distinction  (between  \ital  and  nonvital)  may  mean  in 
ultimate  analysis,  I  know  no  more  than  Anstotic  or  Huxley,  nor  do 
I  believe  that  anyone  will  know  until  we  find  out. — Hrookm. 

Whilk  in  the  foregoing  chapter  there  is  outlincMl  in  wmie 
detail  the  general  facts  and  processes  and  so-called  ** laws''  of 
ontogenetic  development,  we  purjKw*<»ly  omitted  any  refen»nco 
to  what  is  known  or  guess<Hl  conc<»rning  the  cnus<*s  and  control 
of  this  development.  Only  less  wonderful  than  life  itM»lf  is 
the  unfolding  and  changing  of  a  single  tiny  apfmrently  homo- 
geneous speck  of  life  sulwtance  (a  fertilized  egg  cell),  into  a 
great  myriad-celled,  extraordinarily  heterogenc»ous,  hut  p<T- 
fectly  organized  fully  <h»v(»lo|KHl  plant  or  animal  IxkIv.  And 
only  second  in  i)oint  of  insistence  to  man's  (pieries  al)out  the 
whence  and  whither  of  life  its<»lf  are  his  demands  to  l)e  informe<l 
concerning  the  caus<»s  and  control  of  (h'velopment.  It  is  inde^nl 
strongly  f«»lt  by  most  biologists  that  \\w  study  of  tlevelopment, 
that  is,  the  study  of  the  initiating  aii<i  guiding  factors  of  d(^ 
velopment,  is  more  likely  to  reveal  to  us  the  l»:isic  factors  and 
mechanism  of  (»volution  than  anv  other  kind  of  stu<lv.  It  ia 
plain  that  evolution,  its  causes  and  meth<Ml,  are  intimately 
bound   up  with  the  general   primary   phenomena  of  life,  as 
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assimilation,  gro>*'th,  differentiation,  adaptation,  heredity, 
variation,  etc.,  and  it  is  also  plain  that  these  fundamental  life 
phenomena  are  to  be  most  effectively  studied  in  their  relations 
to  the  development  of  individual  organisms. 

The  most  casual  analysis  of  development  shows  that  nu- 
merous and  various  influences  play  their  parts  in  determining 
its  course;  it  satisfies  no  one  any  longer  to  say  that  the  course 
and  character  of  an  animal's  development  is  determined  by 
heredity.  No  influence  op  "force"  of  heredity  can  make  up 
in  any  degree  in  the  case  of  the  development  of  a  chick,  for 
example,  for  the  al)sence  of  a  proper  temperature.  This  purely 
external  factor  of  heat  is  as  indispensable  to  the  development  of 
t  he  new  chick  creature  as  is  the  mysterious  inherent  capacity  of 
the  tiny  protoplasmic  mass  to  unfold  or  change  so  radically 
that  it  (and  what  it  adds  to  itself)  may  become  a  peeping 
('hirk(»n.  And  temperature  is  but  one  of  a  number  of  other 
external  factors  that  contribute  to  the  creation  of  the  new 
chicken,  as  indeed  the  inherent  capacity  of  the  protoplasm 
of  a  hen's  egg  cell  to  rearrange  itself  chickwise  and  no  other 
wise  during  development  is  but  one  among  a  number  of  neces- 
sary intrinsic  factors  whose  correlated  influence  or  working  is 
part  of  the  developmental  mechanism. 

The  influences  or  factors  which  determine  the  initiation, 
course,  and  outcome  of  development,  then,  may  l)e  roughly 
classifMHl  into  intrinsic  and  extrinsic  factors.  And  as  in  our 
search  for  rational  mechanical  explanations  of  vital  phenomena 
wo  look  on  factors  as  causal,  we  may  use  the  word  "causes" 
in  place  of  "factors"  or  "influences"  if  we  like.  The  intrinsic 
causes  we  must  believe  to  l)e  dejx^ndent  on  or  incident  to  the 
protoplasmic  structure  of  the  germ  stuff  and  to  be  largely  the 
guiding  and  determining  factors  in  development,  while  the 
extrinsic  causes  are  largely  such  as  supply  stimulus  and  energy 
for  the  (h»velopment.  Among  intrinsic  developmental  factors 
are  included  assimilation,  growth,  division,  differentiation, 
etc.,  all  constituting  what  His  calls  the  "law  of  growth  ";  under 
extrinsic  factors  may  be  listed  heat,  light,  moisture,  food, 
gravitation,  osmosis,  etc.,  comjwsing,  according  to  His,  the 
conditions  under  which  the  "  law  of  growth  "  op<Tates. 

In  order  to  understand  just  what  part  each  one  of  the  vari- 
ous dovelopniental  factors  or  causi»s  plays,  there  is  necessary 
a  most  thorough  analytical  study  of  develo])ment,  and  an 
17 
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attempt  o  determine  in  measurable  or  quantitative  degree  just 
what  8i)ecific  effects  each  factor  produces.  Obviously  the  most 
rcUable  way  to  effect  this  analysis  and  this  determination  of 
the  specific  cause  and  effect  relations  is  to  appeal  to  experi- 
ment. But  biology  has  alwa^^s  been  looked  on  as,  and  until 
recently  has  actually  been,  almost  wholly  a  science  of  observa- 
tion. It  is  now  becoming,  in  part  at  least,  a  science  of  experi- 
ment as  chemistry  and  physics  have  long  Ijeen  (those  arc  now 
becoming  more  and  more  sciences  of  calculation,  that  is,  exact 
sciences  like  mathematics),  and  tliis  change  and  advance — for 
it  is  truly  an  advance  when  a  science  formerly  n»lying  for  its 
facts  on  ol)servation  l^egins  to  base  its  foundations  on  the 
results  of  exi)eriment — is  due  primarily  to  the  modern  interest 
and  work  in  the  problem  of  developmental  causes.  The  search 
for  a  rational,  causomechanical  explanation  of  the  complex 
and  at  first  sight  wholly  baffling  phenomena  of  development 
has  been  a  great  stimulus  to  the  bold  (piestioning  of  many 
other  vital  phenomena  heretofore  looked  on  as  to  l)e  explainc^l 
only  by  the  assumption  of  a  mystic  vital  force  or  cajwicity 
wholly  lK\vc)nd  and  foreign  to  the  physic<M*h(»uucal  world  t>f 
matter  and  force.  Mechanism  i>erfiufi  vitalism  is  one  of  tlu* 
greatest  pres<»nt-<lay  battl<»s  in  biology,  ami  nowher<»  is  the 
struggle  k<H»ner  or  ar<»  the  medianists  more  lH)ld  in  their  |H>si- 
tion  than  in  the  particular  fi«»Id  of  tlie  proc(*ss(»s  and  factors  of 
development.  To  the  mc^chanists  tlie  phiy  of  familiar  physi<*i>- 
chemical  forcc»s  through  the  compl<»x  and  uniijue  struct un»  of 
germ  plasm  and  living  tissu(»s  has  for  n*sult  all  the  extnior- 
dinary  outcome  of  developmental  cours<»  and  outcome;  to  the 
vitalists  this  course  and  outcome  are  far  t(N)  complex  and  pur- 
poseful to  \yo  explicable  without  the  assumption  of  an  extra- 
physicocheniical  force,  with  a  cajmcity  lN*yond  any  single  or 
any  combination  of  sc»veral  physic*ochemical  forces,  which 
thev  call  vitalism. 

There  is  little  ne<Ml  of  discussing  the  great  mechanism 
iYr«iM  vitalism  problem  here:  it  is  too  dilficuit  a  subject,  and 
(me  as  v<'t  t(N)  little  illuininat<Hl  bv  known  facts,  to  introdu(*c 
into  anv  element arv  discussion  of  (^volution  matters.  But 
it  inav  not  1h»  amiss  to  call  the  attention  of  even  the  most 
elementary  stud<*nt  of  evolution  and  g<»n(»ral  bionomii's  phenom- 
ena to  the  olivious  fact,  that  the  moment  one  indulges  a 
jHTfiichafU  for  assuming  a  mystic,  extra-physicochemical  force 
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to  explain  a  particularly  hard  problem,  one  has  simply  removed 
his  problem  from  the  realm  of  scientific  investigation.  It  is 
no  longer  a  prol)lem.  It  is  explained — that  is,  it  is  explained 
for  whoever  accepts  the  vitalistic  assumption. 

The  varying  l)ehavior  of  things  in  the  inorganic  world,  the 
functions  and  capacities  of  these  things,  de]H»nd  on  the  varying 
physical  and  ch(»mical  make-up  of  these  things  a<*ted  ujMm  by 
the  various  kinds  of  energy,  su(^  Jis  heat,  motion,  electricity, 
and  what  not,  which  we  are  ni(i|k|  less  familiar  with  lis  a  part 
of  the  physicochemical  workiii  VB'^'^^  (-nergy  acting  upon, 
or  l)etter,  throiujh  varying  ^^^^i<4|M|lMil^  ^^  ^^^  causomechanical 
explanati<m  of  all  the  phen(nMHp9^  the  inorganic  workl. 
Should  we  not  in  any  ojx^n-miiiMB  consideration  of  the  phe- 
nomena in  the  organic  world  strongly  incline  to  hold  to  this 
siime  explanati(m  until  it  is  definitely  provetl  incom|H»tent, 
untenable?  Answering  the  question  with  a  hearty  "Yes," 
the  mechanists  l(K)k  first  of  all  in  tlieir  studv  and  analvsis  of 
the  so-call(*d  vital  ])henomena  to  the  matter  of  structure  of 
the  vital  masses  and  to  the  play  of  energy  through  the  masses, 
to  discover,  if  ]K)ssil)le,  a  tangible  clew  to  tlie  "mysterit»s"  of 
the  life  process.  In  the  study  of  devek)pment,  then,  we  strive 
first  to  see  and  to  understand  the  intimate  structure  of  the 
germ  plasm,  tliis  protoplasmic  stufT  with  its  wondrous  endow- 
ment of  iM)tentiality. 

In  Chapter  III  we  have  already  state<l  summarily  what  is 
known  of  the  chemical  and  pliysical  mak(»-up  of  protoplasm. 
What  is  actual! V  known,  bv  chemical  analvsis  and  earnest 
microscopic  ]HHTing,  of  this  structural  mak(*-up  is  wholly  in- 
sufiici(»nt  to  serve  as  a  satisfactorv  basis  of  anv  causomechani- 
cal  explanation  of  protoplasmic  pro|HTties.  Although  some 
of  the  simpler  capaciti(*s  of  protoplasm,  as  its  motion,  its 
taking  up  of  outside  substances  (feeding),  etc.,  have  been  to 
some  d(»gree  explained  by  seeing  in  them  direct  physicochem- 
ical reactions  to  external  stimuli  or  conditions,  practically 
notlung  has  Imh'U  really  accomplished  as  yet  towanl  a  mechani- 
cal explanaticm  of  such  more  complex  or  imusual  capacities 
as  irrital)ility,  assimilation,  and  reproduction.  This  la.st  func- 
tion of  protoplasm  is  in  a  way  its  most  ap])areritly  hope- 
l(»ssly  inexplicable  proi^rty.  And  this  is  es|K»cially  so  when 
the  reproduction  is  of  the  sort  peculiar  to  the  germinal  proto- 
plasm; that  is,  where  the  reproducing  protoplasmic  mass  docs 
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not  nmply  divide  and  thus  nuke  two  masses  each  capable  of 
the  growth  and  chani^  neceaeary  tn  make  it  like  the  parent 
mass,  but  where  the  parent  nioRs  (a  fertilized  (^  cell,  or  a  sexual 
egg  or  bud  cell)  can  grow  and  develop  into  a  highly  coni|^ex 
inaoy-«elle<l  new  organiRm  of  type  like  that  from  whicli  the 
parent  germ  plasm  was  derivod.  The  special  caiwcltics,  thoro- 
fore,  of  germ  plasm  have  furnished  for  centuries, and  do  to-ilay, 
,,  the  great   problem  of  biology 

■v(l?^'  ;;'^  "  ■;■  (next  to  tliut  (irovidotl  by  the 

/.^''\^  '    '  exiatent-c  of  life  itM-lf), 

If  wo  cling  to  a  l>clief  that 
in  some  way,  itftrr  all.  the  ex- 
planation of  the  gencrnl  proli^- 
plasniic  and  s]H>cia)  germ  iilasni 
cuiwcities  lies  in  an  uniiKua) 
conibinal ion  of  slrut-ture  anil 
play  of  familiar  form  of  energy 
through  the  structure,  we  an- 
at  iHicc  fiin-tnl  to  assume  a 
slrueturul   niukc-up   of   pnito- 

FlQ.  IM.-I-^uirlhirsmurrhin.r-j^''-       (lIuHm  mill  gtTUI  JllaSIll   iN'Vllud 

or  aNroJur  KfiHitiim-v  i>r  ll»  i>fli>-      <'n>seo|M-M  lo  dcll'l't.       Auil  tilis 
|.lum.    (AllerWil^m.)  ussiuiiptlon     ttcHlilllv    \n    mjiile 

liy  most  bioldgists.  N<i  nfrriT- 
ment.  however,  exists  among  biologists  as  lo  this  -assumetl 
structure.  l{tolog\-  do«*  mil  liave  its  atiimic  llusiry  as  cFieuiislry 
d(Ntt,  to  explain  Ihe  ultraiiiicn>seopie  nuike-ii|i  of  the  sul>- 
stunifTi  with  whieli  it  has  to  deal,  but  lius  lis  aloniic  tlicories, 
n  M*ore  of  fairly  well-marked  llicoriet*  as  lo  the  ullimaie  strne- 
lure  of  gtTin  pliusni  having  In-cii  advaiieeil  in  iIk-  last  couple  of 
■vniiiries  of  liiiiliigic  study. 

Ahiiosi  all  of  iIh-sc  theories  assume  a  miiniiueric  structure 
of  ]ir<ito|ilasm:  a  few  are  amiinicromerie.  Hy  luiemmerii'  is 
meant  siiu|>ly  thai  t)ie  plasm  whiih  ajii^'ars  to  us  us  a  vi.s<-oiis 
colloidal  sulisiance.  soiuewliat  difTeri'iiliali'il  into  ilcns«-r  and 
less  di-nse  jKirls.  apiH'aring  as  librils  or  grains  <ir  alveoles  in  a 
gniuud  sulistanee  of  different  density,  is  as.tumed  |o  lie  coni- 
[mhuhI  of  myriads  of  minute,  nltramicro.scupie  units  of  Ihe 
getu-rai  nature  of  eonibinatiims  of  chemical  iuolectd<-s.  Tlutic 
unit  comliinatinns  an-  given,  in  the  theorira  of  various  authors, 
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various  names,  endowed  with  various  particular  properties, 
and  attributed,  as  to  their  origin,  to  varying  sources. 

In  the  seventeenth  century  and  early  part  of  the  eighteenth 
century,  before  the  time  of  the  microscope,  many  naturalists 
and  physicians  l)elieved  that  in  each  germ  cell  (or,  according  to 
some,  in  each  egg  cell,  according  to  others,  in  each  six^rm  cell) 
there  existed,  preformed  and  almost  complete,  a  new  organism 
in  miniature,  and  that  development  was  simply  the  exfmnding 
and  growing  up  of  this  tiny  embryo  man,  or  monkey,  or  chick. 
Also  they  were  forced  to  lx*lieve,  if  this  first  assumption  were 
true,  that  in  ench  preforme<l  embryo  still  smaller  replicas  of 
their  particular  kincl  must  exist  to  l)e  the  children  of  this  child, 
and  so  on,  ad  infinitum.  Like  the  nest^  of  Japanese  boxes,  the 
outer  one  encasing  a  smaller  and  this  still  a  smaller,  and  this 
yet  a  smaller  and  so  on,  the  young  and  future  young  of  any 
kind  of  organism  were,  according  to  this  encasement  theory 
of  the  germ  cell  structure,  nestcnl  in  the  egg  and  s|)erm  cells  of 
any  organism. 

But  the  invention  and  iLse  of  the  micrascojK*  so<m  put  this 
th(M)ry  aside.  The  germ  cells  were  found  to  contain  no  pre- 
formtnl  embrvo.  Indecnl,  thev  seemed  to  the  earlier  micro- 
scopists  to  lx»  utterly  homogeneous  little  specks  or  masses  of 
protoplasm,  and  the  i)endulum  of  s|x»culative  explanation 
tended  to  swing  well  away  from  any  preformaticm  theory 
toward  the  s|HXHlily  formulated  ej)igenetic  theories,  which 
a.ssuined  that  all  germ  cells  were  practically  alike  except  as 
to  their  ])atornity  and  matxTuity,  and  that  the  development  of 
these  homogeneous  s|)ecks  of  protoplasm  must  l)e  determined 
chieflv  bv  external  conditions  and  influencc»s. 

However,  it  was  obvious  that  there  was  no  logical  or 
even  fair  rejison  for  Ix^lieving  that  the  la<*k  of  structural 
difFcTentlation  in  the  germ  {)hasm  reveah^l  by  the  micro- 
scofx^  was  a  ])roof  of  the  actual  al>sc»nee  of  such  organiza- 
tion. The  first  microsco]x»  magnific^I  but  a  few  hundred 
diameters,  revealing  structure  invisiWe  to  the  unaided  eye; 
but  later  microsco|K*s,  magnifying  objects  a  thousand  and 
more  diameters,  revealed  structure  and  organization  which 
were  quite  invisible  to  the  lower-powered  instruments.  And 
so,  although  to-day  we  examine  germ  plasm  with  lenses 
magnifying  three  thousand  times,  and  yet  fail  to  discover 
more   than   threads,  rods,  grains,  or   droplets   in   a    viscous 
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ground  substance,  we  do  not  believe  at  all  that  this  struc- 
tural differentiation  is  the  ultimate  physical  make-up  of  the 
mysterious  substance  protoplasm.  We  readily  lx*lieve  there 
may  exist  an  ultramicrosc*opic  structure  of  great  complexity. 

Buffon  suggested  that  the  living  stuff  is  com|xi8ed  ultimately 
of  tiny  structural  units,  which  he  called  orffam'c  nioleculea; 
these  molecules  are  universal  and  indestructible;  they  do  not 
increase  in  numlxT  or  decrease;  when  united  in  groufis  they 
form  organisms;  when  an  organism  dies  its  organic  mc>lerul(*s 
are  freed  but  not  destroyoil,  and  later  may  help  comjxjse  oMier 
organisms.  Hechamp  Ik^HcvchI  in  similar  living  micn>meric 
units  calle<l  microzymrs,  create<l  (lire<*tly  by  thc»  Supn*nie  li<'ing, 
indestructible  and  strewed  everywhere  in  earth,  air.  and  wat<T. 

Herbert  Spencer  p(xstulated  the  existence  of  so-calUnl  jthys- 
iologtcal  units:  living  units  all  of  the  same  structure,  active 
because  of  their  |)olarity  of  form  and  of  molecular  vibrations. 
in  size  and  character  midwav  lH»tw(H»n  molecules  and  cells, 
small  but  complex  and  in>ss<\ss<mI  of  a  deli(*at('  and  prrcis<* 
polarity  analogous  to  that  of  the*  molrnilrs  of  rrvMallino  siil>- 
stances.  u  pohirity  which  givrs  them  the  rapacity  to  group 
thems«»lv(»s  into  organic  parts  aiul  wholes.  Other  theories 
simihir  to  S|H»ncers  assume  a  .s|H'cial  pliysicochemical  en- 
dowment of  tlu»  chemical  molecuh»s  in  the  organic  ImmIv  (li<T- 
thoM).  or  a  sjH^cial  electrical  endowment  of  the  life  units  (Kol), 
or  a  special  chemical  one  (Altmann  and  Maggi),  or,  finally,  a 
spe<!ial  vital  one  (Wiesner). 

Darwin  pro|)os<Hl  a  theory  to  explain  how  th(»  g(Tm  plasm 
couhl  unfold  into  the  whole  ImhIv,  called  the  tluMirv  of  tlu* 
paMfnirsis  of  tjvmmttlvs,  Darwin  ]N)stnlate(l  the  (existence  in 
the  ImmIv  of  a  h<Kst  of  \iU*  units  called  genunnles  to  1h*  found 
in  all  tlH»  various  Inidy  cells,  capable  of  ra|»iil  self-multiplica- 
tion and  of  a  migratory  movement  through  the  body,  the  direc- 
tion and  goal  of  which  movement  is  determined  by  delicatt* 
affinities  existing  among  th(*  various  gennnules.  When  a  g<»m- 
mule  (Miters  an  midifferentiated  or  developing  cell,  as  yet 
ginnmuh'less.  it  controls  th(»  devi'lopment  of  that  cell.  Thanks 
to  the  (h'licate  and  precis(»  allinities  of  the  gt^nnniles.  they 
always  get  to  just  when*  they  should,  to  produce  harmonious 
devehipment  :  but  in  the  germ  cells  liHlge  geinnuiles  from  all 
over  the  Inidy.  so  the  development  of  these  c«'lls  results  in  a 
new  whole  body. 


FACTORS  IN  ONTOGENY  251 

Niigeli,  a  philosophical  l)otanist,  pro|)osc<l  a  theory  of  germ- 
pl&sni  structure  and  Iwhavior  which  may  be  called  the  theory 
of  mievlUvy  nutritive  plasm  and  idioplasm.  When  the  complex, 
lifc»-characterizing  albuminous  8ul)8tiinct»s  took  their  birth  in  an 
a(]ueous  li({uid,  they  were  precipitated  as  tiny  particles  called 
micelhe,  which  attracted  other  micelhe  to  themsc^lves  and  thus 
produccxl  aggregates  of  primitive  life  stuflF,  or  protoplasm.  The 
micelhe  are  all  8<»i)arated  from  each  other  })y  thin  envelopes 
of  water,  thus  making  water  an  integral  part  of  protoplasm, 
and  making  growth  by  intercalation  of  new  micelhe  jwssible; 
this  i)rimitive  protoplasm  l)ecomes  arrangcnl  in  two  ways, 
n»sulting  in  prcnlucing  two  kinds,  one  called  nutritive  proto- 
plasm, and  the  other  idiophism  or  germ  plasm,  extending  all 
through  the  nutritive  i)rotoplasm  as  a  fine  network. 

Finally,  the  most  recent  micromeric;  tluMiry  of  germ-plasm 
structure  is  that  of  Weismann,  the  mcHlern  champion  of  natural 
selection.  According  to  him  the  protoplasm  of  the  nucleus  is 
made  uj)  of  units  called  biophors^  which  are  the  bearers  of  the 
individual  characters  of  the  cell;  the  biophors  are  complex 
groups  of  molecules,  capable  of  assimilating  food,  growing, 
and  reproducing;  the  nvmil)er  of  biophors  is  enormous,  as  it 
must  e(|ual  the  iK)ssibilitic*s  of  cell  variety.  The  biophors  are 
united  into  fixed  groups  calh^I  determinants ^  each  determinant 
containing  all  the  biophors  necessary  to  determine  the  whole 
character  of  any  on(»  c(»ll;  in  each  sjx*cialized  vvW  there  nee<i 
be  but  one  determinant,  but  in  the  germ  cells  every  kind  of 
determinant  must  be  represcnited. 

In  connection  with  the  ]K)st illation  concerning  the  ultimate 
make-up  of  the  plasm  of  the  germ  cell,  Weismann  has  formu- 
lated a  th(H)ry  of  germinal  selection  to  account  for  the  obvious 
fact  that  a  certain  cumulaticm  of  variation  of  a  certain  kind  or 
along  fix(»d  lines  may  take  i)lace  without  the  aid  of  natural 
selection:  this  variation  cumulation  often  Ix^ing  indeed  of  a 
degrc»e  too  slight  to  give  any  opportunity  for  interference  by 
natural  selection.  To  account  for  this  fact,  which  has  been 
much  used  by  adverse  critics  of  natural  selection,  Weismann 
assumes  a  comj)etition  of  the  determinants  in  the  germ  cells 
for  focMl,  hence  for  opix>rt unity  to  grow,  to  l)e  vigorous,  and  to 
multiply;  the  initially  slightly  stronger  or  more  favorably 
situated  determinants  will  get  the  most  food,  lc»ssening,  at  the 
same  time,  the  foiHl  supply  of  others.    Now,  when  the  germ  cell 
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begins  development  the  kind  of  cells  or  tissues  or  organs  will 
be  best  dcvelo|NKl  whose  determinants  happen  to  be  the  better 
fed,  stronger  ones,  while  other  parts  of  the  body  may  be  made 
smaller  or  even  not  appear  at  all  on  account  of  the  starvation 
of  their  determinants;  also  the  stronger  determinants  in  the 
better  developed  parts  of  the  body  will  produce  by  multiplica- 
tion more  and  stronger  daughter  determinants  for  the  germ 
cells  of  the  new  individual  than  the  weak  determinants  in  the 
ill-develo|)ed  Ixxiy  parts,  and  thus  this  dis])arity  in  develop- 
ment of  body  fMirts  will  Ix;  passetl  on,  cumulatively,  to  suc- 
cessive generations:  which  is  nothing  more  nor  less  tlian  de- 
termiiiale  variation. 

All  the  s|)erulationH  alK)ut  the  ultimate  structure  of  the 
germ  plasm  are  interesting,  })ut  none  of  them  of  course  is  really 
convincing.  As  Delage  has  well  said,  the  chances  are  too  many 
to  one  against  the  prolmbility  of  anyone's  guessing  correctly 
the  actual  facts  concerning  the  complex  stru(*tunil  detail  of 
the  pn)tc>plasmic  niak(*-up.  TIk»  structural  or  inluTcnt  factors 
in  ontogeny.  th<»n,  are  to  In*  understood  only  in  so  fur  as  ol>- 
vious  results  or  cflFccts  niav  rcvcjil  thcin.  Now  th(»re  is  one  S4»t 
of  phenomena  in  ontogeny,  to  which  we  Imve  not  jis  yet  calle^l 
attention,  wliich  d<H»s  sc»oni  to  throw  some  light  on  certain 
essential  features  or  farts  of  giTm-e(»ll  structure  which  other- 
wise would  not  Ih«  obvious  to  us.  Tliis  set  of  phenomena  is 
that  calhnl  mitosis  or  kanjokincsis,  anil  occurs  in  connection 
with  each  division  or  cleavage  of  the  egg  cells,  and  of  their 
daughter  e(»lls  or  bhistonieri^s.  It  occurs  also  in  the  <livision 
or  nniltiplication  of  cells  in  all  the  tissues  of  the  ImmIv.  an<I  is 
a  phenomenon  normal  to  cell  incretuse  anywluTc  in  the  IxhIv 
at  any  time  in  the  life  of  the  organism. 

Direet  or  amitotic  cell  division  is  nnich  h^s  common  and 
seems  to  Im»  restrieted  to  certain  kinds  of  tissu(»s  or  to  certain 
pericnls  in  the  history  of  the  life  of  certain  tissu<^.  However, 
the  rec«»nt  invej^tigations  of  Child  and  others  show  that  <*<*ll  di- 
visicm  without  mitosis  is  more  connnon  than  is  usually  thought. 
In  this  kind  of  division,  the  |)rocess  consists  sim|>ly  of  the  con- 
striction and  e(|ual  (or  unetiual)  splitting  of  the  cell  ImmIv  into 
two  parts,  the  dividing  of  the  nucleus  usually  lH»ing  slightly 
in  atlvani-e  «»f  that  of  the  cytoplasm.  Mjich  half  of  the  fmrent 
cell  has  th(»n  but  to  increase*  in  size  to  heconu*  the  counterfmrt 
of  its  progenitor.     In  the  mitotic  or  indirect  division,  on  the 
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contrary,  the  process  is  more  complex.     It  has  been  described 
by  F.  M.  McFarland  *  as  follows: 

''One  of  the  earliest  results  of  the  study  of  cell  multiplication  was 
the  discovery  that  division  of  the  nucleus  precedes  the  division  of  the 
rell  body.  Furthermore,  a  careful  examination  of  the  different  phases 
of  the  process  offers  the  stronfi;est  f)roof  that  the  most  important 
feature  of  this  division,  an  end  to  which  all  the  other  processes  are 
subsidiary,  is  the  exact  halving  of  a  certain  nuclear  substance,  the 
chromatin,  between  the  two  daughter  cells  which  result  from  the 
division.  To  gain  a  clear  conception  of  this  process  of  indirect  cell 
division,  called  'mitosis'  or  'karyokincsis,'  let  us  consider  the  changes 
which  take  place  in  typical  cell  niultipli(*ation.  Two  parallel  series 
of  changes  o<*cur  nearly  simultaneously,  the  one  affecting  the  nucleus, 
the  other  the  cytoplasm.  In  the  so-called  'resting'  nucleus — i.e., 
the  nucleus  not  in  active  division — the  chromatin,  as  we  have  seen, 
exists  usually  in  the  form  of  scattercil  granules  arrange<l  along  the 
linin  network,  and  docs  not  color  readily  with  nuclear  stains.  As 
division  approaches,  these  (chromatin  granules  bei*ome  aggregated 
together  in  (*ertain  definite  areas,  forming  usually  a  convoluted  thread 
or  skein,  which  now  readily  takes  up  the  nuclear  stains  which  may  be 
used.  In  some  nuclei  this  skein  is  in  the  form  of  a  single  long  filament, 
in  others  the  chromatin  is  divided  up  from  the  first  into  a  series  of 
segments,  a  condition  which  s(X)n  follows  in  the  case  of  a  single  fila- 
ment. By  transverse  fission  the  latter  breaks  up  into  a  series  of  seg- 
ments, the  'chromosomes,'  the  number  of  which  is  constant  for  each 
species  of  animal  or  plant.  Thus  in  the  common  mouse  there  are 
twenty-four,  in  the  onion  sixteen,  in  the  sea  urchin  eighteen,  and  in 
certain  sharks  thirty-six.  The  number  may  be  cjuite  small,  as,  for 
example,  in  Ascaris,  a  cylindrical  parasitic  worm  inhabiting  the  alimen- 
tary canal  of  the  horse.  Here  the  number  is  either  two  or  four, 
dei)ending  upon  the  variety  examined.  In  other  forms  the  number 
may  lx»  so  large  as  to  render  counting  exceedingly  difficult  or  im- 
fwssible.  In  all  cases,  however,  one  fact  is  to  be  e8i)ecially  noted, 
viz.,  the  number  is  always  an  even  one,  a  striking  fact  which  finds  its 
ex[)lanation  in  the  phenomena  of  fertilization  to  be  discussed  later  on. 

"While  the  chromatin  is  collecting  into  the  form  of  the  chromo- 


'  Mont  of  the  (iiscuHMion  in  th«'  following  twenty  pages,  whether  indicated 
by  <|iiotation  markH  or  not,  is  taken  fnmi  McFarland's  essay  on  "The 
Pliyt<icul  Basis  of  Henniity  "  in  Jordan's  "  Footnotes  to  Evolution  *'  (1902). 
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somes  the  nuclear  membrane  has  disapix^ared.  The  chromosomf^ 
soon  reach  their  maximum  staining  capacity,  and  ap])ear  usually  as 
a  collection  of  rods  or  bands  of  deeply  staining  substance  lying  free 
in  the  cytoplasm. 

**  While  this  is  taking  place  in  the  nucleus,  another  series  of  changes 
has  been  gone  through  by  the  centroaonie  and  the  cytoplasm  im- 
mediately surrounding  it.  We  have  alrewly  indicate<l  the  presence 
of  the  centrosomc  as  a  minute  spherical  stnicture  lying  at  one  side 
of  the  nucleus.  This  Ixxly  assumes  an  ellipsoidal  f(»nn,  const ri<*ts 
transversely  into  a  dunil)l)ell-8hai)cd  figure,  and  di\ndcs  into  two 
daughter  centrosomcs,  which  at  first  lie  side  by  side  but  8<k)ii  move 
apart.  Around  each  of  them  is  gradually  dcvcl<)|HMl  a  stellate  figure 
composed  of  a  countless  nunilier  of  delicate  fibrils  radiating  out  in  all 
directions  from  the  (Tiitrosonie  as  a  ct»nter.  This  *a.stcr'  or  'astn>- 
sphere '  is  at  first  small  in  extent,  but  grows  in  size  pn)gn\ssively  a.**  the 
two  centers  move  apart,  apparently  lx»ing  deriv(»d  from  a  rearrange- 
ment and  modification  of  the  thrt»adlikc  network  of  the  cytopla.sni 
under  the  influence  of  the  centrosomcs. 

'*lk^tw(?en  these  tw(»  asters,  which  lie  a  sliort  distance  apart  and 
at  one  side  of  the  nucleus,  a  spiiulle-shaiK'd  system  of  delicate  fibrils 
may  often  be  made  out,  stretching  from  the  center  of  one  aster  to  that 
of  the  other.  This  fusiform  figure  is  ternu'd  the  'central  spindle.* 
The  two  asters,  together  with  the  central  spindle,  form  what  is  tenne<l 
the  'amphiaster'  or  the  'achromatic'  portion  of  the  karyokineti<* 
figure.  The  two  si'ries  of  changes  in  nucK'Us  and  cvtopla.»<m,  which 
have  thus  far  goiu*  on  apparently  indeiMMidently  of  eacli  other,  now 
liecome  closelv  interrelated  in  that,  as  the  nmlear  membrane  dis- 
apl>ear8,  a  system  of  fibrils  grows  out  from  each  astrosphere,  which 
attach  themselves  to  the  individual  chromosomes.  These*  'mantle 
fillers*  insert  themselves  along  the  chromosomes  in  such  a  way  that 
each  s<»gment  n»ceives  a  series  of  fibrils  from  each  p<»le  of  the  amphi- 
a.ster,  the  two  s<'ries  In-ing  attacheil  along  (»|»posite  si«les  of  the  chromo- 
somes, rnder  the  influence  of  thes<»  fil)ers.  pmbably  by  din^t  pullintr, 
the  chromosomes,  now  U'nt  into  V-  or  I'-shajH'il  lcM»|»*i,  t<Mid  to  pla«*t* 
themselves  in  a  circle  around  the  center  of  the  s|>indle,  transversi'ly 
to  its  long  axis,  an<l  form  the  'e<iuatorial  plat*'.' 

*'The  <'hang<\s  thus  far  constitute  the  'prophas^'s'  of  the  division. 
The  *metaphas«'S*  following  thes<'  consist  primarily  in  the  longitudinal 
splitting  of  each  chromosome  an<l  the  moving  apart  <»f  the  halves. 
This  longitu<linal  splitting  of  the  chromosome  into  two  e<|uivalent 
parts  forms  the  most  important  act  of  the  wh<»le  <'ell  division,  and  is 
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of  the  greatest  theoretical  significance.  By  it  the  chromatin  subetance 
of  the  original  nucleus  is  equally  distributed  between  the  two  dau^ter 
nuclei,  so  that  each  receives  a  half  of  each  original  chromosome.  The 
elaborate  mechanism  and  consequent  expenditure  of  energy  involved 
in  this  careful  longitudinal  division  of  each  chromosome,  rather  than 
a  simple  mass  division,  such  as  niiglit  be  brought  about  by  far  leas  com- 
plicated means,  indicates  clearly  that  the  distribution  of  the  definite 
organization  of  the  chromatin  to  the  daughter  cells  is  of  ])rinmry 
importance,  a  conclusion  which  is  further  strengthened  by  much 
evidence  too  extended  to  be  entered  upon  here. 

''In  the  'anaphases'  and  'telophases/  which  include  the  closing 
Stages  of  di vision y  the  daughter  chromosomes  migrate  along  the  fibers 
of  the  central  spindle  toward  its  poles,  perhaps  through  the  direct 
contraction  of  the  mantle  fibers  under  the  influence  of  the  centro- 
■ome,  though  this  and  many  other  ])oints  regarding  the  fon*ea  at  work 
must  be  left  for  future  investigation  to  de<*idc.  Arrive^l  at  the  poles, 
V-shaped  chromosomes  become  grou|HHi  in  a  star-sha(>e<l  figure,  the 
'aster,'  their  outer  en<l8  liecome  again  j<)inc<l  together  in  the  form  of  a 
tangled  skein,  tlie  individual  (chromatin  granules  separate  soniowliat 
along  the  threads  of  the  linin  network,  their  deeply  staining  quality 
is  decreased,  and  a  new  nurlear  nienihrane  develops  around  eaeli 
group  of  chromosomes.  Siniultan<M)usly  with  tliis  the  cytoplasm 
constricts  across  the  middle  of  a  somewhat  elongate<l  tvll,  n^sultiiig 
in  complete  division  in  tlie  equatorial  plane  of  the  spindle,  and  two 
separate  daughter  n>lls  n^sult.  Ma<*h  of  tliese  is  made  up  of  <\vtopl;isni 
containing  a  centrosonn*  and  a  nucleus,  similar  in  all  resiMM'ts  to  tht* 
parent  cell  fnini  wliirli  it  has  ariscMi. 

'*A  simple  talnilation  of  the  ehaiiges  just  desrrilN*(l  is  as  follows: 

pH\st>i  OF  ('km.  Division  iiy  K\kyom\ksis 

I   I.   I{e*<tinj:  nucleus. 

I.     IVophas<'S ■  2.  Skein  stage  of  rhroniatin. 

'  'A.  S'gineiit^Mi  skein. 

w,      .-  ,      I  \  I.   Kquatorial     plate     ami     splitting     of 

II.     Mrtapn:is4'   -  \  '  ' 

1  rnroinosotnes. 

1  .*>.  Movement    of  rhriini(»si lines  t(»  {Miles 

III.     Anaphase's aiul  formation  of 

'  <».  iS'^nienled  ilaui;hter  skc'ins. 

•-r      ff  1      t  ^  "•    Heconstruetion  of  nurleus. 

I\.      Ieloplias«'s -         ....  . 

f  S.   Division  (»t  evtoplasni. 
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''  It  is  readily  seen  that  the  culmination  of  the  process  lies  in  the 
splitting  of  the  chromosomes  and  the  separation  of  their  component 
halves  to  form  the  two  new  daughter  nuclei." 

The  obvious  distinction  in  capacity  of  development  shown 
by  the  various  cells  which  compose  an  animal 's  body  leads  us 
to  ask  whether  we  can  distinguish  diflFerences  associated  with 
these  diflFcrcnt  iwtentialities  in  the  fine  structure  of  the  cells 
themselves,  and  esi)ecially  in  their  behavior  during  the  process 
of  nmltiplicati(m.  For  the  fate  or  future  character  of  any 
cell  must  largely  dei)end  on  the  nature  of  its  origin,  the  character 
of  its  inheritance.  Now  in  some  cases  this  difference  in  poten- 
tiality of  tlie  undifferentiated  dividing  cells  is  plainly  shown 
by  differences  in  the  details  of  the  process  of  division.  A 
conspicuous  and  imj)ortant  instance  of  this,  and  one  bearing 
directly  on  our  subject  of  the  relaticm  of  the  structure  and 
character  of  the  germ  plasm  to  the  fully  developed  organism, 
is  the  distinction,  iLsually  easy  to  make,  between  the  body  or 
so-called  somatic  cells  and  the  reproductive  or  germ  cells  of 
any  organism. 

"  Every  multicellular  organism  arises  by  a  process  of  division  from 
a  single  cell,  the  fertilized  germ  or  egg  i^ell,  whi(*h  in  turn  has  been  cut 
off  from  the  cells  of  a  preexisting  individual.  Out  of  the  group  of 
cells  whicli  result  from  the  continued  division  of  the  germ  cell  and  its 
desceiulants  arc  differentiated  the  various  tissues  and  organs  of  the 
body  through  which  the  vital  functions  arc  carried  on.  Those  tissues 
and  organs  which  |>erform  functions  {)ertaining  directly  to  the  existence 
of  the  individual  have  l)een  tt»rmed  'somatic,'  and  their  constituent 
cells  the  'somatic'  or  Ixxly  cells,  in  contradistinction  to  the  repro- 
ductive tissues  or  cells  whose  function  concerns  the  continuance  of 
the  si)oci(\s.  Ill  some  forms  ihcsQ  groups  of  cells,  the  somatic  and  the 
repHKiuctive,  l)econie  isolateil  from  each  other  (juite  early  in  develop- 
ment ;  ill  one  ca.s<»,  iiideiHl,  the  differentiation  of  repnKlwtive  cells 
from  the  somatic  ones  hiis  lx»en  traced  by  lioveri  back  to  the  first 
division  of  tlM»  egg.  Tliis  case  of  Ascaris  mcgalocephala  is  so  striking 
and  of  such  fundamental  theoretical  importance  that  it  must  not  be 
passed  without  noti<'e,  for  in  it  we  find  marked  differences  between 
the  somatic  and  reproductive  cells  in  their  nuclear  structure,  their 
relative  amount  of  chromatin,  and  mode  of  division.  The  egg  of 
Aficari;t  has  l)een  the  classical  object  for  cytological  studies  on  account 
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of  its  nnall  number  of  rhromoBomm  (two  in  varirfy  uiitva)enfi,  four  in 
bivalenii),  their  large  aiic,  and  the  diagrammatic  cluariKtM  of  the 


Pta.  I4A.  •  Knii 


ohanp-H  wliirh  Hike  |i]iifT  in  ilivixion.     In  tlic  >\i\ 
CfOc  "'ll  »■"■  l"»vc  Iwi)  (ill  iiniviilcnNi  iotiR  dininii» 


I  i>r  the  fertiliK^I 
K  liaitdfi)  over  ti> 


each  <lniif!htor  rell.     An  IIk'no  two  <t'llM  in  turn  iliviile,  a  Ktrikiii)' 


FACTORS   IN  ONTOGFAY  259 

diflferenre  is  seen  in  the  karyokinotir  figures.  In  Fig.  146,  X,  such  a 
two-<*eIIcd  stage  is  seen  from  the  i)ole;  in  B,  a  slightly  later  stage  in 
side  \'iew  of  the  spindle.  In  the  upper  cell  of  A ,  the  division  is  of  the 
usual  fonn,  the  two  chromosomes  split  longitudinally,  and  their  two 
halves  travel  to  opposite  jwles  of  the  spindle  (B),  But  in  the  lower  cell 
this  is  not  the  case.  The  central  {X)rtion  of  the  two  chromosomes  is 
broken  up  into  a  large  number  of  minute  chromatin  granules  which 
divide,  and,  as  shown  in  B,  form  the  only  portion  of  the  chromosomes 
drawn  up  to  the  poles  and  entering  into  the  structure  of  the  resting 
nuclei  after  the  division  is  complete.  The  large  swollen  out-er  ends  of 
the  chromosomes  are  cast  off  into  the  cytoplasm  and  are  eventually 
al)sorbed,  playing  no  further  part  as  nuclear  structures.  C  shows  the 
four-celled  stage,  in  which  a  marked  difference  in  the  size  of  the  nuclei 
of  the  up|)er  and  lower  cells  is  visible.  Lying  near  the  margins  of  the 
lower  cells  are  the  remnants  of  the  ends  of  the  chromosomes  which  have 
been  cast  off  in  the  division.  In  D  the  four-celled  stage  is  shown  with 
the  karyokinetic  figures  of  the  next  division.  In  the  lower  cells  the 
s|)indles  are  seen  from  the  polo,  the  chromatin  is  present  in  the  re- 
duced amount,  in  the  form  of  small  granules.  In  the  up|)er  left-hand 
cell  the  two  full  chromosomes  are  seen,  each  split  longitudinally,  while 
the  upi>er  right-hand  cell  shows  a  rei)etition  of  the  re<iuction  phenome- 
non— viz.,  the  central  portion  of  the  two  chroni(KSomes,  broken  up  into 
granules,  alone  enters  into  the  spindle  figure,  the  out4?r  ends  being 
cast  off  into  the  cytoplasm,  whore  they  suffer  a  similar  fate  to  those  of 
the  lower  <*ell  in  the  previous  division.  The  next  division  repeats  the 
process,  one  cell  retaining  the  two  full  chromosomes,  while  all  the 
others  have  the  reduced  amount.  This  takes  place  for  five  successive 
divisions  and  then  ceases;  from  the  one  cell  having  the  two  full  chro- 
mosomes the  reproductive  tissues  develop,  the  others  with  reduced 
chromatin  fonn  the  somatic  tissues.  Thus  is  accomplished  a  visible 
structural  differentiation  of  the  nuclei  of  the  reproductive  cells  which 
distinguishes  then)  shar|)ly  from  all  the  somatic  tissues  in  Ascaris, 
We  shall  see  further  on  that  there  is  abundant  evidence  in  favor  of 
the  theory  that  the  nucleus — i.  e.,  the  chromatin — is  the  bearer  of 
hereditary  influences  from  one  generation  to  the  next,  and  that  the 
8|^)ecific  development  and  functions  of  each  individual  cell  are  de- 
fiendent  ujion  the  s|)e(nfic  changes  which  take  place  in  the  chromatin 
of  its  nucleus.  In  this  light  the  almost  isolated  case  of  Ascaris  pos- 
sesses a  value  and  interest  that  cannot  be  overestimated. 

"  While  in  the  higher  forms  of  animals  and  plants  we  find  a  sharp 
differentiation  of  their  tissues  into  somatic  and  reproductive  or  germ 
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cells,  we  must  bear  in  mind  that  not  in  all  forms  is  this  ]M>wer  of  the 
reproduction  of  the  whole  organism  so  sharply  limited  to  the  germ 
cells  alone.  The  familiar  propagation  of  plants  by  cuttings,  the  re- 
generation of  complete  animals  from  small  i)ortions  of  their  somatic 
tissues  in  many  lower  forms,  and  numerous  other  considerations  such 
as  these,  show  clearly  that  the  difference  between  the  {Miwcrs  of 
somatic  and  germinal  cells  is  but  one  of  degree;  that  while  in  higher 
organisms  the  two  seem  sharply  defined  from  each  other,  a  series 
of  lower  forms  may  be  taken  which  will  show  the  intermiHliate  steps 
in  this  gradual  specialisation  of  function. 

"In  the  unicellular  organisms  we  have  most  interesting  oxumplos 
of  the  fundamental  facts  of  reproduction,  and  through  an  exiimin:i- 
tion  of  these  we  may  gain  an  insight  into  the  more  (*onipiicate<l  pnMx*t«<cs 
of  the  Metasoa.  Each  of  these  lowest  forms  (^onsistif  of  a  stngh*  vtA]  in 
which  are  carried  out  in  a  generalised  way  the  (*omplex  physiologii*]!! 
functions  which,  in  many-celled  animals,  are  divided  up  among  c«*II 
groups.  In  reproduction  the  animal  simply  di\ndes  into  two,  tlie 
divimon  of  the  nucleus  preceding  that  of  the  cytoplasm,  an<i  the  metlKMi 
is  usually  a  more  or  Ichs  nuMiifuMi  karyokiiiotic  one.  This  hkmIo  of 
multiplication  (continues  in  most  forms  for  u  (*(Ttain  numU'r  of  ^rriera- 
tions,  and  then  the  necessity  for  conjugtitioii — i.  c.,  a  tcin|M»rary  or 
permanent  fusion  with  another  individuid — s<*ts  in.  If  tliis  conjuga- 
tion be  prcvente<l,  the  animal  soon  shows  iiic*r(*2Lsiiig  si^is  of  di^ 
generation  whirh  result  in  death.  This  *s«Mies<vn('e'  of  the  i>owers  of 
growth  an<l  nuiltiplication  vim  only  l)c  chccktMl  hy  the  adniixtiin*  of 
new  nuclear  sulMtanci^  from  an  entirely  (lifTereiit  individual  hy  <^»n- 
jugation.  In  its  simplest  terms  this  pnMvss  is  found  in  ChiUttlon, 
acconling  to  Ilenneguy.  ChiUHion  is  a  minute  fn^sh-water  infusoriaii, 
which  multiplies  for  a  (considerable  ])eri<Ml  of  time  by  tran.sverse  <livis> 
ion.  After  a  time,  however,  the  physiologiral  necessity  for  <*on jugation 
ensues.  The  animals  having  placcnl  thenisdves  side  by  side  in  pairs 
and  partly  fusml  together,  the  nucleus  of  each  individual  divitirs 
into  two  {Nirtions,  one  of  which  passi^s  from  each  infusor  into  the  other 
to  unite  with  the  half  n*niaining  stationary.  Tlic  two  then  separate. 
ea<*h  having  n'«i'ived  a  half  of  th<»  nucleus  of  the  other.  After  thus 
trailing  cx|K»ricn<vs,  i\a  it  might  lx»  tcrnuHl,  a  |M'ri<Ml  of  nMiewinl  vigt»r 
and  activity  for  each  sets  in,  nianifcste<l  in  rapid  ^owth  ami  multi- 
plication by  division,  priNlucing  a  large  iiurnUT  of  gtMicrations.  which 
continues  until  weakening  vital  activities  indirate  the  |H'ri(Niically 
rwurring  neivssity  for  conjugation.  In  giMieral,  among  the  Infusoria 
we  find  the  same  pnM'ess  taking  place  in  regular  cyi'lical  onler,  with 
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more  or  less  complicated  variations  of  the  phenomena  jiwt  outlined 
for  Chilofliiii.  In  all  of  thcni  the  aim  of  the  conjuKatioti  ia  thn  Bainr, 
the  cxihttiiRe  of  a  certain  amount  of  nuclear  HiilialaDcc  lielwcen  Ihn 
two  conjugating  iridividualit,  and  the  Haine  phyinoloKical  efTert  ia 
reached,  a  rejtiveneacencc,  as  it  were,  of  the  tvro  orfnuiiania  which 
manifesta  itself  in  renewed  vigor  of  gr<twth  and  multiplication. 

"In  some  of  the  lowest  forms  of  unicellular  life — for  example,  the 
Schiiomycet^s  or  bacteria  and  their  alliea-— this  necessity  for  con- 
jugation does  not  ^ 
appear  tJ)  exist,  but  ■-'""■^.^~~xX  ^  ^ -^  1 
for  the  vast  ma- 
jority of  forms  this 
cycUcul  law  of  de- 
velopment holds 
good.  In  the  Pro- 
tozoa no  division 
into     somatic     and 


gen 


al    cells 


(ATmt 


found,  both  func- 
tions being  united 
in  the  one  cell  which 
forms  the  whole 
body  of  the  or- 
ganism. In  the  Met- 
azoa,  however,  this 
differentiation  has 
taken  place ;  the  germinal  cells  are  set  apart  for  the  preservation  of  the 
race;  the  aomatic  cells  carry  on  their  various  functions  for  a  time, 
grow  old,  die,  and  disappear,  certain  of  the  germ  cells  alone  surviving 
in  the  production  of  new  individuals.  On  the  borderland  between 
the  unicellular  and  the  multicellular  organisms,  however,  stand  cer- 
tain colonial  forms,  which  show  an  exquisitely  graded  series  of  steps, 
from  the  conditions  of  unicellular  multiplication  to  those  of  the  multi- 
oellular  forms."     (McFarland.) 

In  the  many-ccUeJ  animals  the  egg  is  a  single  cell  laden 
with  a  large  amount  of  food  yolk,  and  made  up  of  nucleus  and 
cytoplasm  a.s  the  living  elements.  For  the  normal  development 
of  this  egg.  conjugation  with  another  germ  cell,  derived  from  a 
different  individual,  is  usually  neceasarj'.  This  germ  cell  is  the 
spernmtozonid,  s  minute  cell  con.sisting  of  nucleus  and  centro- 
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some  with  a  small  amount  of  cytoplasm  modified  primarily  into 
an  organ  of  locomotion,  the  tail.  A  physiological  division  of 
labor  is  here  met  with  which  adniinihiv  moots  two  diamotricallv 
opposed  requirements.  The  one  of  tliose  demands  that  the 
conjugating  cells  be  highly  motilo,  and  consociuontly  small, 
in  order  that  they  may  be  able  to  t*omc  together  in  the  wat^^r 
in  which  they  are  usually  set  free.  The  second  reciuires  that 
there  be  fiunished  a  sufficient  amount  of  nutritive  material 
for  the  nourishment  of  the  embryo  until  it  arrives  at  a  stage  of 
growth  in  which  it  can  shift  for  itself.  These  two  nocossitios 
have  boon  met  by  the  physiological  diWsion  of  lalx)r  Ix^tween 
the  two  conjugating  cells.  The  one,  the  sperm  coll,  has  Ikh^ohio 
reduced  in  size  with  a  corresponding  gain  in  motility,  the 
other,  the  egg  cell,  has  had  food  yolk  stored  up  in  it,  and  its 
consequent  increased  size  prevents  any  more  than  a  very  slight 
degree  of  independent  movement,  if  any.  Different  stages  of 
these  modifications  may  be  met  with  among  unicellular  forms, 
as  illustrated  in  Pandorina,  Eudorina,  and  Voivox,  to  which 
might  be  added  many  others.  In  Pandorina  the  conjugating 
cells  are  of  nearly  eciual  size,  in  Eudon'na  an  intormodiate  con- 
dition is  reached,  while  in  Volvox  the  o^g  and  8ix?rm  cells  are 
sharply  differentiated  in  size  and  motility.  Again,  in  the  first 
two  and  their  allies  all  of  the  colls  are  at  first  vogotutive  and 
afterward  reproductive,  while  in  Voivox  the  defmito  s<*f)aration 
into  vegetative  or  somatic,  and  reproductive  or  germinal  cells 
makes  its  appearance. 

We  arrive  then  at  the  conclusion,  from  the  consideration 
of  these  and  many  other  lines  of  evidence,  that  the  germ  cells 
were  primitively  exactly  alike,  and  that  the  (liflF<»ronces  l>etweon 
them  have  arisen  in  the  proct»ss  of  different iat ion  along  two 
separate  lines.  Furthermore,  it  is  clear  that  tlio  diflForences 
lx?tween  the  two  sexes,  which  lx»conie  strongly  characterizcHl 
in  the  higher  vertebrates,  are  all  of  a  purely  secondary  nature. 

In  their  early  development  the  germ  colls  are  indistinguish- 
able from  each  other,  and  both  pass  through  certain  stages, 
preliminary  to  their  union,  which  are  essentially  alike.  The 
animal  egg  is  a  large,  more  or  loss  spherical  coll,  enveloped 
usually  })y  certain  monibranos,  containing  a  large  nucleus  and 
cytoplasm.  The  vast  bulk  of  the  egg  coll,  how(»vor,  is  made 
up  of  inert  focxl  material  in  the  form  of  yolk  granules,  which 
arc  stored  up  in  it  as  nourishment  for  the  developing  embrjM. 
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The  nucleus,  or  genninal  vesicle,  is  large,  and  contains  a  net* 
work  of  chromatin  together  with  one  or  more  conspietiouB 
nucleoli. 

There  are  three  periods  usually  recognized  in  the  develop- 
ment of  the  egg  cell,  viz.:  (1)  The  period  of  multiplication;  {2) 
the  period  of  growth;  and  (3)  the  period  of  maturation,  lite 
first  period  is  characterized  by  a  continued  scries  of  divisions 
of  the  primitive  reproductive  cell  and  its  descendantii,  which 


protlucea  a  large  number  of  "ovogoniii."  Succeeding  this  is 
a  [K-riod  of  growth  in  which  the  ovof^oiiiu  increase  greatly  in 
size,  mainly  through  tbc  pnHluctiim  uixl  Bloring  up  of  food 
yolk.  At  the  close  of  tliia  pcritxl  tlic  pcnii  cell,  now  termed  a 
"primary  ovocyte,"  cnlcra  ii]H)n  tlio  iiuituration  jXTiod,  in 
whirh  it  unilcrgocK  I  wo  divifiioiis  in  rapid  Ejiicies^finn,  by  means 
of  which  two  iiiiniilc  cell;",  tlie  |>ol.ir  bodies,  uro  cut  off  from 
the  egg.  Througti  iIicmc  two  ilivisions  the  nTiiiiber  of  chromo- 
Bomec  in  the  egg  nixicitis  is  rc<luc(il  to  ouc  h:ilf  thiit  which  IB 
found  in  the  oihtT  celts  of  the  IhkIv.  The  t'lrnt  ixilnr  body  also 
UHUiilly  (liviilfs,  nii>l  ihiis.  at  th<-  tlo.^'  of  tlic  |M'i-i<Hl  of  matura- 
tion, four  cclis  rosiih:  one  hirgr  uitilnn'  egg  {clI.  rcudy  for  the 
feriiliz:itioii  which  initiates  the  ilcvi'lnpuifiit  of  the  ombr>'o, 
anil  thn-<-  minute  polar  l)0(lio8.  which  are  to  U-  regarded  stmply 
ait  niilinicntur}'  eggs.     Tlie  nuclei  of  these  four  idU  are  exactly 
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aliko  in  that  they  all  contain  the  name  number  of  chromosomes, 
i.  p.,  <mv  half  th(-  nimilxr  in  the  soniatir  cfUa  of  the  individual. 
The  difference  in  hIzp  i»  due  sinijily  to  the  coneentration  of  the 
food  yolk  and  m<iKt  of  the  eytophutni  in  one  of  the  cells ;  the 
other  three  degeiierate,  being  uacrifieed  to  the  pnxluction  of 
an  egg  cell  with  the  largest  possible  supply  of  nutritive  sub- 
stance in  it. 

In  the  development  of  the  sperm  cell  (Figs.  149,  l.W),wefind 
an  exactly  parallel  scries  of  utages,  the  end  results,  liowever, 
differing  much  in  nize. 
The   mature  spernia-     >\  y 
tozoon  is  an  exceed- 
ingly minute  cell,  con- 
sisting typically  of  a 
cylindrical  or  conical 
"head"  containing  a 
nucleus,  a  short  cyto- 
plasmic  "middle 
piece,"    and   a    long 
vibratile    "tail,"    an 
organ   of    locomotion 
differentiated   out   of 
the  cytoplasm  of  the 
cell   from    which   the 
spermatozoon   is   de-        (ac wr  B™uer.) 
rived.     The  stages  of 

mulliphcation,  growth,  and  maturation  are  passed  through  in 
t)ie  development  of  the  spermatozoon  in  the  same  order  as 
in  the  egg  development,  save  that  the  jieriod  of  growth  does 
not  include  the  storage  of  food  yolk  in  the  primary  sperma- 
tocyte, and  tlie  two  divisions  of  the  maturation  stages  are 
e«]ual  ones,  resulting  iii  the  production  of  four  cells  of  the 
same  size,  encli  of  whieii  develops  into  a  complete  sperma- 
tozoon. 

The  accomjMinying  diagrams  of  Fig.  151.  taken  from  TJoveri, 
illustrate  clearly  the  homologies  existing  between  the  life 
historii's  of  the  two  sorts  of  germ  cells.  The  earlier  stages  of 
ovogonia  and  spermatogonia  are  indistinguishable  from  each 
other;  later  in  the  period  of  growth  the  increase  in  size  of  an 
ovocyte  marks  it  off  from  the  minute  sperm atoc>-te,  but  this 
distinction  is  merely  one  due  to  nonliving  food  material,  and 
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in  nowise  affects  the  fundamental  identity  of  the  two.  In  the 
maturation  period  the  number  of  chromosomes  in  the  nuelri 
of  both  egg  and  sperm  is  reduced  one  half — on  the  one  hand, 
the  ripe  egg  cell  and  three  rudimentary  egg  cells  (the  polar 
bodies)  being  formed;  on  the  other,  four  equal  "spermatids" 
are  produced,  which  develop  into  four  mature  spermatoioa. 
The  contrast  in  size  which  exists  between  the  two  mature  re- 
productive cells  is  enormous,  the  spermatozoon  in  some  cases 
containing  less  than  jiri/vvir  (Wilson),  and  in  extreme  cases  less 
than  "nFiroWoTr  (Hertwig)  of  the  volume  of  the  egg  cell. 


Fia.  151. — At  l^f^  (lugptiin  illuntrmting  the  development  f»f  the  tvpermatosoAn;  at  ri^t« 
diaKram  illuHtratinic  the  <leveU>{"neiit  of  the  efCR.     (Aftor  lioven.) 

A  discussion  of  tho  mcthml  l)y  which  tho  nMluction  of  the 
chromosomes  in  the  germ  nuch»i  is  lirou^ht  HlH)ut.  may  pn>rit- 
ablv  Ik»  (lefcrnHl  until  the  c»ss(»ntial  f<»:ilun's  of  fertilization 
have  lKH»n  cxamincni.  Th<»  phcmmu^na  of  tlif  fusion  of  opp  and 
sperm  can  l)est  be  studied  in  sonic  siicli  form  as  the  sea  urchin, 
in  which  the  egg  is  very  small,  and,  in  some  siK»cit*s,  (juite 
transparent.  As  fertilization  takes  place  free  in  tlu»  si»a  water, 
the  f^erniinal  cells  l>einp  cast  out  from  tlie  parents,  it  is  |)<)ssilile 
to  collect  the  e^ps  and  s|XTm  st^parately  from  mature  in- 
dividuals an<l  hiiniu:  them  together  in  small  <lislies  of  s<^a  water, 
and  at  such  tinu»s  as  mav  suit  one's  convenience.  Tlien  in  the 
Hvin^;  epp  much  of  the  process  may  In*  followed  under  tin* 
microscojHJ,  and  projKTly  prejMinMl  sections  of  the*  eg^s,  killer! 
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by  rcagcnta  at  the  various  stages,  enable  conclumons  to  be 
drawn  as  to  matters  of  minute  detail. 

Fig.  153,  A  to  F,  presents  s  series  of  diagrams,  taken  from 
Boveri,  illustrating  the  principal  facts  in  the  process  of  ferti- 
lization. In  A,  the  egg  is  represented  with  its  clear  nucleus 
in  the  center,  surrounded  by  the  egg  membrane.  Clustered 
around  the  j)eriphery  are  a  number  of  spermatozoa  endeavoring 
to  fin<l  their  way  into  the  substance  of  the  egg.  On  the  right- 
hand  side  in  the  figure  one  has  penetrated  the  membrane  and 
is  shown  passing  into  the  egg  cytoplasm,  which  puts  forth  a 
small  conical  prominence  to  meet 
it.  As  Boon  as  the  head  of  one 
sperm  enters  the  egg  cytoplasm  a 
new  membrane  is  formed  around 
the  egg  which  effectually  prevents 
the  entrance  of  any  others.  The 
iicad  and  middle  piece  penetrate 
into  the  egg,  the  tail  usually  re- 
maining imbedded  in  the  mem- 
brane, whore  it  soon  degenerates. 
A  few  moments  after  the  sperm  has 
entered,  a  system  of  radiations 
appears  around  the  middle  piece 
which  develo|is  into  an  aster  sur- 
rounding the  centrosome  of  the 
sperm   (B).    The    sperm    nucleus 

swells  up  and  rapidly  increases  in  size,  its  chromatin  changing 
from  the  com[>act  condition  in  which  it  is  arranged  in  the 
8|H'rm  head  to  a  reticulate  condition  (C).  The  chromatin  re- 
ticulum of  the  egg  nucleus  becomes  also  more  clearly  visible. 
Sperm  a.ster  antl  si)erm  nucleus  now  move  in  toward  the 
egg  nucleus,  the  aster  usually  preceding.  As  the  nuclei  ap- 
proach, the  sperm  nucleus  increases  still  more  in  size  until 
it  becomes  indistinguishable  from  the  egg  nucleus  (C).  The 
chrnnmtin  network  of  each  now  breaks  up  into  a  number 
of  chniinoKomes.  line  half  of  the  number  found  in  the  som- 
atic cells,  and  the  nuclei  come  into  contact,  fusing  together 
in  some  casw.  As  in  the  sea  urchin,  Echinus,  the  number  of 
ehnimosomes  is  cigliteon.  nine  would  therefore  be  found  in 
the  germ  nuch-i:  for  the  sake  of  clearness  and  simplicity 
but  two  arc  represented  in  the  diagram,  those  of  the  sj^rm 
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».  lU.— IhacraiDK  illuntntiu  thr  trrlilitnliim  of  llw  («■:  A. 
■IwrniatKKiii:  nu  ihi-  riahi.  •••■■■  hii<  jti'l  iwnrtrninl  ihp  *a  ii 
ItnnalhpnOtryt-iiilBHniminurtruain  Ihrrvnlrr.     H.  VjIMni 

fMiriiluni  iin  Ihr  Wl:  im  Ihr  nalil,  rhr  -frt u-lni-  t-rrml 

Mi<l  Bl1rwlir.li  ■.|>linT.  (-.  i^a  ■••irliMi-  oii  llv  l-li.  -|->tiii  m 
lb*  cHiiT  ,4  rati  <"t'r  fiU.1>  |.r.'<'4>.|„H[  d,,  t)»i.«  '4  ■)»■  nnir-iHimr.  (>.  Tlw 
mitnauHiir  h»  .livi.li-l,  Il.r  I*..  MiiH<'T.»n  •ftii-n-  -xluirnlp  r..  (.vm  Ihr  fir<t 
>iii<tl';  iIh-  rhfiii. "■•■•'••■(  ilir  ra  iiri'l  t-t«i  KUrki  I'Intljr  ri«>>lr 
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nucleus  being  slightly  shaded  while  those  of  the  egg  nucleus 
are  black. 

The  centrosome  divides  together  with  its  aster  (D),  the  two 
daughter  centrosomes  move  apart  to  opposite  poles  of  the  egg, 
and  the  typical  amphiaster  of  cell  division  is  formed  (E),  the 
nuclear  membranes  disappearing  and  the  chromosomes  being 
drawn  together  into  the  equatorial  plate  where  each  splits 
longitudinally.  The  halves  are  drawn  by  the  mantle  fibrils 
toward  the  opposite  poles,  and  the  egg  divides  transversely 
into  two  cells  (F).  This  process  of  division  is  repeated  con- 
tinuously in  each  of  the  resulting  generations  of  cells,  and 
from  the  mass  of  cells  thus  formed  develops  the  new  organism. 
Each  cell  in  the  two-celled  stage  has  received  half  of  its 
chromosomes  from  the  egg  nucleus  and  half  from  the  sperm, 
thus  containing  equal  amounts  from  each  parent.  The  centro- 
some, which,  as  we  have  seen,  is  to  be  regarded  as  the  dynamic 
center  of  the  cell  division,  comes  from  the  spermatozoon  alone; 
the  egg,  on  the  other  hand,  furnishes  the  yolk  and  practically 
all  of  the  cytoplasm. 

After  this  preliminary  outline  of  the  facts  of  fertilization,  we 
are  in  a  better  position  to  understand  the  significance  of  a  process 
which  occurs  in  the  development  of  both  egg  and  sperm  cells, 
namely,  the  reduction  of  the  chromosomes.  The  necessity  for 
such  a  reduction  is  evident  from  a  moment's  reflection.  We 
have  seen  that  the  nvmber  of  chromosomes  in  the  nucleus  is 
a  constant  and  typical  one  for  each  animal  and  plant  species 
so  far  as  known.  As  fertilization  consists  in  the  union  of  two 
cells  in  one,  from  which  the  young  organism  develops,  it  is 
plain  that,  were  there  no  reduction,  the  number  of  chromo- 
somes would  be  doubled  in  each  succeeding  generation.  How- 
ever simple  this  necessity  for  reduction  may  appear,  the  mi- 
nut  iie  of  the  processes  through  which  it  is  brought  about,  and 
the  theoretical  significance  of  these  facts,  form  one  of  the  most 
involved  problems  of  biology  to-day.  In  a  few  forms,  especially 
among  tlu*  lower  Crustacea,  the  facts  of  the  reduction  are  clear 
and  n^latively  simple;  in  other  forms  they  thus  far  stand  in 
<lirc»ct  <*on(ra(liction,  and,  for  the  present,  a  comprehensive 
explanation  applicabh*  to  all  forms  must  bo  left  to  further 
investigation. 

The  significance  of  re<lucti<m  turns  u|x>n  the  conception 
of  a  definite  organization  and  individuality  in  the  chromo- 
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somes  and  the  assumption  that  thoy  represent  the  physical 
basis  of  heredity — i.  e.,  that  they  influence  and  determine  into 
what  the  fertilized  egg  shall  develop.  Fifteen  years  ago 
Wilhelm  Roux  showed  with  convincing  clearness  that  the 
complicated  facts  of  nuclear  division,  the  careful  longitudinal 
halving  of  the  chromatin  thread  and  its  equal  distribution 
between  the  two  daughter  cells,  can  be  explained  only  on  the 
basis  that  the  chromosomes  possess  different  structure  in  dif- 
ferent parts  of  their  extent,  and  that  these  structures,  repre- 
senting tendencies  in  development,  arc  distributed  in  definite 
ways  to  the  daughter  colls.  Were  this  not  the  case,  a  simple 
direct  mass  division  of  nucleus  and  cytoplasm  instead  of  the 

complicated  process  of 
karyokinesis  with  its 
consequent  much  greater 
exi)enditurc  of  energy 
would  serve  all  pur- 
))08es. 

In  the  light  of  this 
probable  individuality 
and  morphologicnl  or- 
ganization of  the  chro- 
mos()ni<»s,  the  method  of 
their  rcMJuction  in  num- 
ber, preparatory  to  the  fusion  of  their  grrni  cells,  lK»comes 
of  the  greatest  significann*;  to  {\\osv  who  may  deny  this  in- 
dividuality ami  definite  architecture,  the  phc'noniena  can  have 
no  great  inii>ortanco  save  as  concerns  a  ^tMiiTul  mass  reduc- 
tion in  the  amount  of  the  chromatin  present  in  tlie  germ  nu- 
clei, it  mav  Ik*  jissume<l  as  true,  in  the  niajoritv  of  cases 
now  accurately  known,  that  the  nMlurtion  takes  place  some- 
where in  or  near  the  last  two  divisions  of  the  ^erni  <"ells  previous 
to  their  fusion-  that  is.  in  the  eg^,  in  the  divisions  forming 
the  ix)lar  IxMlies.  and  in  the  s|HTm.  in  the  last  two  divisions  of 
the  siH»rmatocvte  which  prcMiure  the  fo\ir  spermatids  out  of 
which  develop  as  numy  mature  s{MTinato/oa.  Tin*  phenomena 
are  exa<'tlv  hoiiiolo^uiis  in  both  <*aM's.  as  lias  alreailv  Ik^'U 
]N>inte<l  out.  difleriii^  only  in  the  minor  ih'tail^  wliirh  do  not 
affect  th«'  end  ri'sult. 

Two  [H'culiar  featurrs  mark  tlirsr  divisiiins  ntY  frnni  all  the 
otlien*  whirh  precede  antl  follow  them.     One  of  tlii^se  is  the 


Fio.  154. — Formation  of  the  |>olar  iMKlies  shown 
diagrmmmAtically.    (After  Komchelt  iui<l  Heiilcr.) 
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absence  of  an  intermediate  resting  stage  between  them,  the 
second  division  following  immediately  \i\Hm  the  first  without 
the  reconstitution  of  the  chromosomes  into  the  skein  stages. 
The  second  peculiarity  lies  in  the  fact  that  the  chromatin  (now 
the  individual  chromosomes)  appears  in  one  half  the  typical 


Fio.  155. — R«Nluction  of  chmmoAomes  in  the  npermatosenemifl  c^  Atcaria  mttfaloeephaia 
var.  bii-alens:  A,  Nucleus  uf  a  BpermatoKoniuin.  the  typical  number  of  chromo- 
Bomen  (4)  nhown,  each  Kplit  lonjcitudinally  preceflinff  the  nurleun  fiiwion;  B,  young 
mplittinK  primary  Hpermatocyte,  two  trtra<lii  pre»ent.  each  with  boily  double  from 
lonfcituiiinal  yplitting  of  a  rhn>matin  thread;  C.  the  tetrads  in  the  equatorial  timgjt 
of  fisHifin;  D.  reparation  of  the  dyatU;  E.  the  dyada  in  micoeetlins  fiiuon  of  the 
secondary  M|)ermatid;  F,  completion  of  the  fitMion  of  the  ittnie,  each  cell  (spermatid) 
contains  the  reduced  number  of  chromoaometi  (2).     (After  Brauer.) 


numl)er  of  the  chromosomes  in  the  first  di\'ision,  and  is 
usually  arranged  in  "tetrads,"  or  groups  of  four  rounded, 
deeply  staining  Ixxlies  connected  by  linin  fibers.  These  tetrads 
are  always  one  half  the  number  of  the  original  rod-  or  thread- 
like chromosomes.  Thus  in  Fig.  155,  A  represents  a  sperma- 
togonium nucleus  of  Ascuris  with  the  four  chromosomes, 
showing   the   longitudinal   splitting   preparatory   to  division. 
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B  represents  an  early  spindle  stage  in  the  division  of  the 
primary  spermatocyte,  in  which  not  four  bandlike  chromo- 
somes, but  two  tetrads,  or  chromatin  groups  or  four  rounded 
bodies  are  found.  C  to  F  show  clearly  the  further  steps  in 
the  spermatogenesis.  In  C  the  tetracls  are  grouped  in  the 
equatorial  plate,  and  in  Z),  in  the  closing  stages  of  the  first  di- 
vision into  two  spermatocytes,  each  tetrad  has  divided  into 
two  "dyads,"  which  are  drawn  to  the  poles,  and  the  division 
of  the  cell  body  follows.  Without  an  intervening  rest  stage 
each  spermatocyte  now  divides  again,  as  in  E  and  F,  each 
dyad  being  se|)arattHl  into  halves,  so  that  in  the  8|)ermatids  of 
F  but  two  chromatin  masses  are  present.  Thus  the  tetrads 
of  the  primary  spermatocyte  are  divided  up  among  the  four 
spermatids,  so  that  each  of  the  latter  receives  one  fourth  of 
each  tetrad.  Since  later  stages  show  that  the  two  chromatin 
masses  in  each  spermatid  of  F  represents  two  chromosomes,  we 
see  that  the  number  of  chromosomes  has  been  reduced  from 
the  four  in  A  to  the  two  in  F, 

Manifestly  the  key  to  the  explanation  li(*8  in  the  relations 
which  exist  lx»tween  the  four  chroniosomos  of  .4  and  the  tetrads 
of  B.  Tlie  two  divisions  consist  merely  in  the  distribution  of 
the  already  separated  parts  of  the  tetrads;  in  the  rearrange- 
ment of  the  four  cljroniosonu^s  into  the  two  tetrads  lies  the 
possibiUty  of  the  reduction  which  is  carrieil  out  by  the  fol- 
lowing divisions.  The  problem  thus  n»solves  itself  into  the 
question,  What  is  the  nature  of  each  tetrad?  Is  it  made  up 
of  a  single  chromosome?  of  two?  of  four?  or  have  the  constituent 
parts  of  the  original  four  chromosomes  l>e(*ome  so  completely 
rearranged  and  reilistributed  that  their  identity  as  such  is 
completely  lost? 

Turning  for  a  moment  to  the  lower  Crustacea,  we  find  among 
the  Coj>e|HMls  forms  admirably  suitcnl  for  the  careful  foUowiiig 
out  of  the  changes  taking  place  in  the  rearrang(»nient  of  the 
chromosomes  into  the  t(»trads.  To  RiicktTt  we  owe  the  clearest 
account  of  the  process  as  exhibittnl  in  the  egg  maturation  of 
Cyclops,  Here  the  normal  numlnT  is  twenty-two.  or  |>erha|w 
twenty-four,  the  miinite  size  rendering  eounting  diiricult.  Fig. 
148,  A  to  F,  taken  from  Riickert,  gives  tlie  ess«'ntial  iK>int8  of 
the  formation  of  the  tetrads  and  their  following  divisicms,  not 
all  the  chromosomt*s  lH»ing  repn^Mitcnl.  In  A  tlie  chn)matin 
filament   has  broken  up  into  one  half  the   usu:il  numl>er  of 
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Begments  (chromoeomes),  and  each  show-sthc  precocioufi  longi- 
tudinal splitting.  These  segments  shorten  up  into  the  double 
rods  of  By  which  in  C  are  being  arranged  in  the  developing 
spindle.  A  comparison  of  these  three  figures  will  show  clearly 
that  each  chromatin  segment  has  divided  both  longitudinally 
and  transversely,  its  parts  shortening  and  arranging  them- 
selves in  tetrad  formation  of  D.  The  first  division  following 
sofmrates  the  tetrad  along  the  longitudinal  plane  of  its  former 
splitting  {E)  and  the  second  division  along  the  transverse 
plane  {F), 

In  Cyclops  then,  the  tetrads  are  formed  by  the  chromatin 
thread  of  the  resting  nucleus  breaking  up  into  one  half  the 
usual  number  of  segments,  and  each  of  these  in  turn  dividing 
longitudinally  and  transversely.  A  tetrad  here  is  made  up  of 
two  chromosomes  slightly  united  end  to  end  and  split  longi- 
tudinally. Thus  if  abode f  .  .  .  n  represent  the  unsegmented 
filament  of  the  resting  nucleus,  a-b^-d-e-f  would  show  its 
breaking  uj)  into  the  normal  number  of  chromosomes  which 

split  lengthwise,  forming  ~'  i'    '  j'    '  y  ^^  the  equatorial  plate. 

In  the  Cyclops  nucleus  of  Fig.  A  the  filament  has  separated 
into  the  segments  ab^-ef  .  .  .  n,  each  of  which  has  split  longi- 

tudinallv  into  -r*  *";'   V  etc.,  and  its  transverse  division,  sub* 

ab  cd  ej         '  ' 

sequent Iv  becoming  more  apparent,  gives  to  each  tetrad  the 

'         ab 
composition  -'r» 

afi 

longitudinal  plane,  each  daughter  cell  receives  a  half  of  each 

chromosome;  in  the  second,  however,  in  the  vertical  plane, 

this  is  not  the  case,  as  can  be  readily  seen.     This  is  clearly  a 

qualitative   division,   and    the   daughter   cells   receive   unlike 

chromosomes.     This  forms  the  "reducing  division"  in  Weis- 

mann's  sense,  and  as  such  is  a  most  beautiful  demonstration 

of  his  postulated  reduction  of  the  ancestral  plasm. 

In  Ascan'Sj  however,  the  evidence  is  just  as  clear  that  no 
reducing  division  in  Weismann's  sense  takes  place,  though 
the  actual  numl)er  of  tlie.  chromosomes  is  also  reduced. 

Boveri  has  shown  for  the  egg  and  Brauer  for  the  sperm 
that  the  tetrads  arise  by  a  double,  longitudinal,  splitting  of 
tlie  chromatin  filament  which  later  breaks  into  two  segments. 
Thus  abed  would  again  represent  the  unsegmented  filament. 


V.  ef 

j»  -  i»   etc.      By  the  first  division   in   tha 

d  ef 
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o-fr-c-d  the  individual  chromosomes,  and  -'  r'    *  ^*  their  splitting 

longitudinally  in  ordinary  division.  In  the  maturation  of 
the  egg  and  in  spermatogenesis,  however,  the  thread  segments 

into  oft,  cd,  and   splits  twice  longitudinally  into  "rrT»  LiLi' 

the  two  tetrads  of  B  in  Fig.  155.  The  reduction  of  chromatin 
here  is  only  a  reduction  in  mass  and  not  a  qualitative  one,  in 
Weismann's  sense,  as  in  the  Crustacea  and  insects.  In  Aacaris 
the  actual  reduction  in  number  of  chromosomes  takes  place 
in  the  nucleus  previous  to  the  maturation  divisions  of  the 
ovocyte  and  spermatocyte  respectively.  In  Cyclops  the  for- 
mation of  the  tetrads  is  merely  a  pseudo-rcniuction,  the  actual 
reduction  taking  place  in  the  second  division,  which  gives  rise 
to  the  mature  egg  on  the  one  hand,  or  the  spermatids,  which 
develop  into  the  spermatozoa,  on  the  other. 

One  fundamental  fact  is  clear  in  these  divergent  accounts. 
The  number  of  chromosomes  is  reilurod  in  l>oth  sorts  of  the 
germinal  cells  as  a  {)r(?linnnary  to  their  union.  Wliether  there 
is  likewise  a  qualitative  distribution  of  the  chromatin  elements 
remains  for  future  invc^stigation  to  decido.  From  the  facts  of 
ordinarv  coll  division  wo  have  seen  that  the  chromatin  of 
the  nucleus  is  to  l>e  roganhMl  as  the  bearer  of  hereditary  (^uaUties 
in  the  cell.  The  phenomena  of  fertilizati<»n  greatly  increase 
this  probability.  The  offspring  resembles  both  of  its  |>arents, 
and  the  paternal  tendencies  can  lx»  conveye<l  in  the  minute 
spermatozoan  head  alone*,  which  is  constituted  almost  entirely 
of  chromatin.  The  scrupulous  exactitude  with  which,  in  Iwth 
germ  cells,  the  chroinosoiiu»s  are  reduced  to  one*  lialf  the  normal 
number  pre|>aratory  to  the*  union  of  the  preaiuclei  in  fertiliza- 
tion, anel  the  (list ril)ut ion  of  the  paternal  and  maternal  cliro- 
matin  eejually  to  the*  re'sultin^  cells  of  cleavage,  lend  added 
weight  to  the  the»ory. 

The  <le»ve»lopinent  of  the  feTtiliztMl  germ  ce'll  into  the  com- 
plete organism  is  discusseMl  in  the  preceMiing  rhapter  as  also 
is  the  significanco  of  sox.  This  siguificaiicc  in  tin*  light  of  actual 
pro«»sse»s  e»f  geTni-<M'll  format  ion.  maturation,  and  fe*rtilization 
is  s<»e»n  to  Ih»  ve»rv  in»portant  in  reflation  to  tho  phe^nomenon 
of  variation,  a  plu'nouH'non  or  fact  whicli  \vr  have  alreaeiy 
learm^el  to  nM*ognize»  us  the  al)solute*ly  I'sse'iitial  ba.sis  of  all 
organic  evoluticm. 
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Whether  the  new  individual  to  be  exists  in  the  germ  cell 
as  a  more  or  less  nearly  completely  preformed  embryo  needing 
only  to  expand,  unfold,  and  grow  to  be  the  fully  developed 
new  creature,  or  whether  the  fertiliased  egg  cell  is  a  bit  of  prac- 
tically undifferentiated  protoplasm,  endowed  with  a  limited 
and  specific  potentiality,  but  depending  for  its  marvelous  out- 
come chiefly  on  extrinsic  imposed  influences — this  question 
has  been  a  matter  of  contention  since  the  beginning  of  the 
study  of  generation  and  development. 

From  our  scrutiny  of  the  phenomena  of  mitosis,  it  is  ap- 
parent that,  while  the  germ  cell  is  certainly  considerably 
differentiated  as  regards  its  fine  structure,  on  the  other  hand  it 
as  certainly  contains  no  preformed  embryo  of  the  individual 
into  which  it  b  to  develop,  as  the  old  school  of  preformationists 
held.  But  the  testimony  from  mitosis  by  no  means  settles  the 
controversy  between  the  modern  preformationists  and  the 
modem  epigenesists.  This  rages  hotly,  and  furnishes  a  great 
incentive  to  the  pushing  on  of  the  study  of  development. 

What  is  most  interesting,  perhaps,  about  this  present-day 
embryological  study  is,  p<»rhai)8,  its  nu^thod.  Where  hereto- 
fore the  study  of  development  has  l)een  almost  purely  descrip- 
tive and  com|>arative,  as,  indeed,  all  biological  study  has,  the 
modem  enibryologist  is  an  experimenter.  Experiment,  the 
method  of  the  study  of  inorganic  nature,  is  l)eing  resorted  to 
and  relied  on  for  the  determination  of  biological  problems,  and 
in  particular  that  one  that  has  for  its  subject  the  seeking  of 
the  factors  and  actual  causes  of  individual  development. 
This  has  been  aptly  named  preformation  versus  epigenesis. 
It  might  also  pertinently  Ik;  called  intrinsic  versus  extrinsic 
factors  or,  more  broadly,  vitalism  vrrsus  mechanism. 

The  new  phase*  or  nunle  of  the  study  of  development  has 
been  variously  callcHl  developmental  mechanics,  experimental 
development,  or.  more  broadly.  exjHTimental  morpholog}'. 
because*  tlie  ex|MTimental  niethcMl  has  \yocn  extended  to  the 
study  of  phenomena  not  strictly,  or  at  least  not  usually  in- 
cludenl  in  the  inunature.  or  developing  stage  of  the  animal's 
Ufe;  the  study  of  regeneration,  of  reactions  to  stimuli,  and  of 
reflexes  and  mov(»ments  in  general,  has  all  been  illuminateil 
by  the  decisive  n^sults  of  the  substitution  of  ex{>eriment  for 
haphazard  olwervation  in  nature.  And  the  further  extension 
of  e.\ I )eri mental  and  statistical  modes  of  investigation  to  the 
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"grand  problems"  of  heredity  and  variation,  already  wdl 
entennl  upon,  bids  fair  to  produce  the  most  njad  and  retti 
advance  that  has  yet  been  made  toward  the  gml  of  solving 
some  of  the  mystery  which  has  so  far  enwrapped  these  funda- 
mental phenomena  of  life. 

To  return  to  our  H[>ccial  problem  of  preformation  or  epi- 
genesis,  it  must  be  said  at  the  outset  that  the  evidence  touching 
it,  which  has  so  far  been  derived  from  experiment,  is  distinctly 
conflicting.  For  example  the  fn^'s  egg  (which  has  been  a 
classic  Verauchaobjecl  in  this 
study),  when  treated  after  iitt 
first  cleavage  so  that  one  of  ilt< 
two  blastomeres  (daughter  cells 
of  the  original  fertilized  ^;g  cell) 
is  killed,  develops  half  a  frog, 
which  would  indicate  that  the 
embryo  was  preformed  in  the 
egg  cell,  or  at  least  that  each 
part  of  the  egg  cell  hod  its  fate 
predetermined,  so  that  the  1<mk 
of  |«irt  of  the  egg  would  produce 
a  locM  of  a  definite  (Htrt  of  the 
embryo. 

uud  cw>inii>.    lAftM  ii«i»i.)  Bill    in   the   hantL-t   of    other 

invi-stigators  diametrically  op- 
pn(*o«i  re!>ultii  were  got.  Hertwig  nmiuiginl  to  M'|)arate  entirely 
the  two  first  i'lt<iivttK<'  cclU  and  got  from  oarh  of  thene  half 
eggs  a  ciinipleti'  cinbryn  but  of  dwurfed  size,  which  would 
indicate  tluit  iiny  |»art  i>f  the  egg  .itufT  is  alilc  to  jirotiuce  any 
part  of  the  I'liibryo,  Other  investigator*  have  succeedeti  in 
seinratiiiK  lilastoiuen-s  of  later  cleavH);!-  stages,  and  have 
variously  got  either  miniatun-  Inn  iMiniilfte  emhryos  from 
these  fnki'tiotinleg):  ii!irts,  nron  the  other  haml  |)art.4of  embryoei 
represent iitt:  aiiitamiily  the  pnilt'ttTitiiiifl  developmental 
fate  of  tile  variiiiis  nuris  of  the  cur.  To  list  lirietly  a  few  of 
lhes«'  cases,  we  may  n-fer  to  the  (levelopiiient  i>f  partial  emhry« 
fntm  s.-jiarati'.l  i>  IH  eell  si:ti;e>  I'la.itniiieres  of  variinis  f^en- 
ophora.an.l  llie  -iinilar  n'sults  with  the  niolluse*  I'aUlla.  Dm- 
Uilinni.  an.l  //ppni-i."«it :  lo  the  iini.|iietii.ii  of  .iefeeiive  larv:p  by 
the  iiiiilil:ileil  eciT*  of  IWnr.  al^t  of  asiiiliaiis  and  of  Eehinug: 
to  IMfM-h':)  distinction  ln-twivn  ectoderm  and  endodenn  after 
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the  first  cleavage  of  Synajila,  and  the  cell  lineage  studies  of  tur 
Strassen  on  the  eggs  of  Aacarit  in  which  it  was  shown  that  a 
definite  status  of  outcome  for  each  blastomere  was  determined 
after  successive  early  cleavages.     All  these  results  seem  to  be 


n^  JiphirrfrAinu*  ffnnularia.  from 

good  evidence  for  preformation,  that  is,  for  a  predetermination 
of  the  role  each  part  of  the  egg  cell  is  to  play  in  development. 
Indeed,  Wilson  is  convinced  that  an  obvious  structural  differ- 
entiation (bands,  zones,  delimited  regions)  can  be  seen  in  the 
undeveloped  eggs  of  numerous  animals,  a  differentiation  corr&- 
sjwnding  to  structural  di- 
vergence in  development. 

On  the  other  hand,  nu- 
merous results  of  experi- 
ment 8]x?ak  just  as  loudly 
against  preformation  or  pre- 
determination. Kuch  are 
Herlitzka's  half-sized  Triton 
embryos  from  the  two  sepa- 
rated   first    cleavage    cells, 

Drieach's  two  half-sized  and  four  quarter-sized  sea-urchin  plutei 
from  the  rolls  of  the  first  and  second  cleavages,  respectively, 
his  eight  and  sixteen  small  gastrula>,  and  thirty-two  tiny  blas- 
tulii'  from  the  separate  blastomeres  of  the  third,  fourth,  and 
fifth  cleavages  respectively;  also  Zoya's  medusa  embrj'os  from 
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BdUnm;  B,  Uwral  vifw  <if  pluiciu  Urva  ii 
STkanrliiiiiit;  C.  hybrid  plutnui  of  ihr  fcmali 
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separated  blastomeree  of  the  two,  four,  eight,  and  even  b 

ceil  atagee  of  developing  hydro-medusa  eggs.    Loeb  was  able 
^  io  eflfect  the  bursting  of 

A  (%\  " ^  ^y^      the   membrane  of    se*- 

urchin  e^s  and  the  con- 
sequent  partiiU  escape 
or  protrusion  of  parts  of 
the  egg  plasm  forming 
so  -  called  extra  -  ovatn*. 
Each  of  these  extra- 
ovates  began  develop- 
ment as  a  distinct  bla»- 
tiila,  the  remainder  of 
the  egg  forming  another 
blsMtula  (Fig.  16:1). 
Thus  we  see  that  experimental  work  has,  w  far,  not  afforded 

a  positive  answer  to  the  general  query  jiroposed  by  the  pre- 
formation veraiu  epigon- 

csis    problem.     But    at  /^"^ 

the    same    time    it     is 

obvioua  that  the  results 

of  the  experimental 

method  are  of  extraor- 
dinary interest    and   of 

brilliant  proiiii.ie.   What 

seemx  to  be  revealetl  «" 

far,  w  thai  th'.'  animal 

egg     i«     certainly    not 

rigidly  pn'formwi;  that 

there    in    no     aWihite 

prctlelerminntion  of  the 

fate  in  developau-nl  i)f 

each    iKirl    of    the  egg 

stuff.      But    that    nor- 
mally  in   most    eggs   a 

given   ]iiirt    of   the  egg 

does*  have  it  pr(is|)ective 

defmilivc   fttte.  so  tliiil 

one-half  of  the  egg  may 

be  l(Hike<l  on  iw  curn-sji 

future  organism.    However,  the  actual  iMitentialily  of  any  part 


'  iKirtii'iilnr  half  of  the 
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of  the  egg  18  not  limited  by  its  prospective  fate.  If  accident 
in  nature  or  ruthlesH  handling  in  the  exiM>rinionter'8  lat)ora- 
tory  destroy  or  remove  part  of  the  egg,  tlie  remainder  haa  a 
]H)\ver  of  regulation  which  is  in  some  respects  the  highest 
and  most  im])ortant  kind  of  organic  adaptation  that  we  know. 

The  same  data  derived  from  the 
experimental  study  of  development,  to- 
gether with  data  got  from  the  ex|)eri- 
mental  study  of  mature  and  even 
senescent  stages  of  various  organisms, 
constitute  our  chief  evidence  touching 
the  problem  of  mechanism  versus  vi- 
talism. This  problem  may  be  posed  in 
question  form  as  follows:  In  how  far 
can  so-called  vital  phenomena  be  ana- 
lyzed into  physicochemical,  or  mechan- 
ical phenomena?  Is  life  simply  an  in- 
teraction, very  complex  to  be  sure,  and 
so  far  largely  unanalyzed  and  hence  not 
directly  referable  to  specific  physico- 
chemical  causes,  between  substances  of 
particular  chemical  and  physical  struc- 
ture and  those  familiar  forms  of  energy 
known  to  us  in  the  physicochemical 
world,  or  is  it  the  result  or  manifestation 
of  an  extra  physicochemical  force  and 
set  of  conditions? 

When  the  sunflower  bends  its  face 
always  toward  the  sun,  we  do  not  at- 
tribute this  l)ehavior  either  to  the  in- 
telligence or  the  instinct  of  the  plant. 
Hut  when  yoimg  spiderlings  or  moth 
caterpillars  or  green  aphids  just  from 
the  egg  move  with  <me  accord  toward 

the  light  si<le  of  the  glass  jar,  we  do  attribute  this  behavior  to 
animal  instinct  or  to  the  exercise  of  a  preference  or  choice. 
When  iron  filings  rush  toward  a  magnet  brought  sufficiently 
near  them,  we  have  on  our  tongues'  end  the  sufficient  explaria- 
tion  of  this  l>ehavior  in  the  single  word  "magnetism."  Now 
the  biological  mechanist,  observing  that  in  all  these  cases 
there  is  a  certain  apparent  definite  relation  between  a  cause 


Fio.  163.  —  Extra  -  atmim 
from  the  ems  oi  Um  aea 
urchin.  Arbaeia.  By  <lt- 
lutinc  the  Mm  water  the 
onmotic  preMure  burst* 
the  enr  membraiiea  so 
that  |>art  oi  the  enr  plamn 
iiHues  and  f  omui  an  ex- 
tra-ovate.    (After  Loeb.) 
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and  an  effect,  ] 
to  say  that  all  thei 
pheDomena  may  be 
much  more  nearly  of 
the  same  aort  than  we 
are  accustomed  to  con- 
nderthemto  be.  The 
tnological  mechanists 
believe,  ia  a  word,  that 
all  vital  phenomena 
will  in  lut  analj-sis 
prove  to  be  truly  phys- 
icochemical  phenom- 
I.  Nor-  ena;  that  organisms 
adie'i  show  lu  thfiT  reactious 
no  new  forces  or  prin- 
ciples, but  that  their 
behavior  ia  only  an  im- 

mrnsply  roni)>lcx  intorplftv  of  the  furnic  forces  and  activities 

already  known  to  un  in  the  Iniirftanic  world. 

Ami  their  iwYwf  i«  not  whully  without  some  basis  of  oljserA-ed 

or  exiHTimcntully  proved  fuel.     Mjiny  of  the  simpler  tio-callpd 

vital  phfnoincnu,  i-^ixH-iully  the  iiiuv<-ment3  of  the  simplest 


no.  IM.— ttfammiian  In  HyJra  ririJit: 
ibaI  hydra  (liBvB  jbow  wherv  tiwt  wt»  n 

B.  t-4.  ehwian  is  ■  picn  uf  .1  u  Han  fnnd 
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and  even  the  more  complex  animals,  have  been  shown  to 
be  suggestively  like  motion  reactions  in  inorganic  nature.  The 
mechanists  analyze  many  of  the  80-^;alled  instinctive  perform- 
aocea  of  animals  into  rigorous  taxic  and  tropic  reactions  to 
specific  external  influences  or  stimuli.    Chemotaxis,  phototaxis, 


■utun  of  •twfith.  Lxm 
t  eulkfllfid  u  livins  Bni 
iha  cnat  (wucity  lor  n 
rf  mn  mnn  bciBC  e^ubls  of  nt«D 


I  the  oonJ  rwfi  of  Maznoa. 
ion  poH^Hd  by  tbu  itai^ 
Iha  diik  aod  all  Ihe  othw 


and  oxygonotaxiH,  lieliotropism.  geotropism,  thigmotropism, 
otc,  are  the  iiniiios  applied  ti>  the  growth  or  motion  reactions 
iif  orgunisiiLt  or  their  i«irts,  <'onditioned  by  such  external 
Htiriniti  or  contntl-infliipnces  as  h^ht,  gravitation,  contact,  the 
jircsi'iu-i;  iif  [ixygen  or  of  vuriiuis  other  rhemjcal  aulKttani^ea. 
And  an  aceuunt  of  the  ingenious  exixtrinicntation  which  has 
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been  done  to  test  the  truth  of  the  mechanical  aaBumptions 
is  a  fascinating  chapter  in  the  history  of  modem  bidkigical 
work. 

In  sum  we  may  say  that  there  has  been  in  recent  years  a 
real  advance  on  a  basis  of  experimental  work,  in  the  analysis 
of  many  vital  phenomena  long  considered  mysterious,  or  at 
least  too  complex  for  human  understanding,  into  simpler 
components.    And  that  these  components  are  in  many  cases 

no  other  than  reac- 
tions and  motions 
familiar  to  us  in  in- 
organic nature.  On 
the  other  hand  it 
must  be  said  that 
this  advance,  in  the 
face  of  the  immenj^ 
problem  prese n  t  od 
by  vital  reactions — 
that  is,  the  behavior 
of  organisms — is  very 
small.  With  all  our 
heart  we  should  wel- 
(*ome  all  attempts  to 
do  awav  with  ideas 
of  mvstirisin  in  c^m- 
nection  with  biologi- 
cal phenomena;  the 
mechanists  should 
have  our  stn^ng  sym- 
pathy and  our  willing 
supi)ort,  but  to  Join 
the  more  radical  of 
them  in  their  claim 
tliat  the  life  mvsterv 
is  already  solve<l  in  terms  of  physic's  aiui  chemistry,  that  there 
is  no  lonjjer  any  vital  problem.  wouM  U*  to  surn»nder  our 
judgment  to  our  iiH'lination. 

Any   discussion.   Iin\v<»ver   !>ri«»f.  of  e\|HTi mental   work   in 

biology  slioiild  inchidt*  a  reference*,  at  l*'ast.  \n  the  strikini;  antl 

«gestive  results  that  liave  U^'U  ohtaincij  hy  th«*  application 

he  ex|x*rimental  metluMl  to  tlie  investigation  of  the  pn>blpms 


H 


Fig.  167. — Rccntermtinn  nf  th^  mrthwnrm  :  .4.  Nni^ 
mal  wurm  ;  B  F,  anterior  eiMin  itf  womiji  which,  after 
the  mntival  of  on#>.  twn.  thr«v.  fiiur.  ami  five  fett- 
mpntii.  have  regenerate*!  the  name  numlier ;  (/.  an- 
terior thini  rut  off.  only  five  heail  nefcmentit  recener- 
ate«l ;  //.  worm  nit  in  two  in  mi«iille.  a  hearl-eD<l  itf 
five  nesnientji  rr«tenerate<l ;  /.  womi  nit  in  two  )«^ 
hiiMi  the  muMle.  a  hetenimori>hic  tail  n«eiierate<l  at 
uitenoren<l.    (After  Murpui.) 
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of  fertilization  and  parthenogenesis.  Jacques  Loeb  has  been 
the  most  active  worker  in  this  line  and  his  results  are  of  ex- 
treme interest.  He  has,  by  various  physical  or  chemical  treat- 
ment of  the  unfertilized  eggs  of  various  animals,  particularly 
certain  Echinoderms,  worms  and  fishes,  stimulated  these  ^gs 
to  begin  development,  which  development  proceeds  either  nor- 
mally or  in  some  degree  abnormally  along  the  usual  path  reg- 
ularly followed  by  the  six^cies.  But  in  all  cases  this  develop- 
ment falls  short  of  completion  and  in  many  cases  the  death  of 
the  embryo  occurs  at  a  very  early  stage.  Other  investigators 
have  similarly  induced  a  de- 


/^ 


I 


I 


W 


velopment  in  parthenogenetic 
eggs  of  animal  species  in 
which  parthenogenetic  devel- 
opment does  not  occur  nat- 
urally, or  at  least  is  very  rare. 
The  significance  of  these 
results  is  by  no  means  wholly 
clear.  Nor  do  the  investiga- 
tors who  have  done  the  work 
agree  among  themselves  as  to 
the  interpretation  of  the  re- 
sults. Loeb  first  inclined  to 
the  belief  that  the  stimuli 
which  incited  the  unfertilized 
egg  to  development  were 
physical,  osmotic  changes  be- 
ing looked  on  as  perhaps  the 
immediate  stimulus.  At  pres- 
ent he  seems  inclined  to  at- 
tribute the  stimuli  rather  to 

the  chemical  character  of  the  media  which  seem  to  incite 
the  parthenogenetic  development.  In  either  case  the  physi- 
cochemical  stimulus  is  considered  to  be  a  substitute  for  the 
spermatozoid.  That  it  is  a  substitute  in  some  degree,  is  obvi- 
ous; that  it  is  a  complete  substitute  for  it,  seems  ei{ually 
obviously  not  true.  The  omhrvos  develo|XHl  by  artificial  par- 
theogenesia  lack  at  least  t>^o  fimdamentally  important  attri- 
butes which  tlie  young  of  bisexual  parentage  |>ossess;  namely, 
vigor  and  the  lienMlity  of  the  fatlier.  The  lack  of  vigor  is 
shown  by  their  death  before  maturity;  and  the  chromosomes 


Fxo.  168. — RcgMieratiOTi  oi  the  flat  worm, 
Planaria  lugtUtria:  A,  tbows  by  dotted 
line  where  the  worm  was  cut  in  two  length- 
wiae ;  B,  C.  D,  show  how  a  half  that  was 
fed  regenerated :  E,  ^^  (7.  ihow  how  an 
unfed  half  regenerated.   (After  Morgan.) 
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or  other  nuclear  stuff  that  is  the  actual  canier  of  the  paternal 
heredity  are  of  course  actually  wanting. 

Another  phenomenon  or  group  of  phenomena,  also  of  much 
special  interest  and  suggestiveness  to  students  of  develop- 
ment, to  which  the  experimental  method  has  been  successfully 
applied,  is  that  known  as  "regeneration."  The  familiar  repro- 
duction or  growth  of 
new  plants  from  cut- 
tings or  buds  is  par- 
alleled in  the  aninial 
world  by  numerous 
similar  cases  less  fa- 
miliar but  neverthc^ 
less  long  known  by 
naturalists.  In  174(), 
AbW  Tremblcy  made 
a  number  of  curious 
experiments  with  Hy^ 
drQf  whose  publication 
in  1744  was  the  l)egin- 
nin^  of  our  knowledge 
of  the  phenomena  of 
regeneration  in  ani- 
mals. If  Hydra,  tlie 
coitunon  little  brown 
or  green  fresh-water 
|K>lyp,  Im»  eut  up  into 
many  j)ieec»s,  each  of 
these  pier(»H  has  the 
power  to  grow  into  a 
n(»w  eomph»te  Hydra 
body  (Fig.  164).  We  know  now  that  numiTous  other  animals 
have  also  this  radical  capacity  for  n'generation.  Certain  pn>- 
tozoans*  hy«lr(»i<ls.  ])lanarian  W(»nns.  starfishes,  etc..  can  re- 
generate as  fre<'ly  or  nearly  s(»  as  Hifilm  (Fijrs.  Um-172)«  And 
iniiny  otlier  animals  re{>res<>ntin^  almost  all  the  threat  groufM  of 
the  animal  kingdom  |M»ssess  in  smnr  «lt'i;rrr.  at  least,  the  |Miwer 
of  n*g«»nerat  ion.  Some  can  regenerate  only  lost  nr  cut  ap])end- 
ages,  otluM**  even  less  fimtlamrntMl  parts  of  the  ImmIv;  some 
can  regent-rate  4»niy  in  their  inunaiiwe  stages;  others  only  in 
t lie  earliest  embryonic  stagi\s.     Hnt  regeneration  ami  "regula- 


Fia.  IW. — Regenenitinn  of  the  tail  aii<l  limh«  of 
the  liiarfU.  Ijartria  at/Hi*  and  Triltm  cuMtatua: 
A,  Laatria,  nrw  tail  ariMiiin  at  place  when*  oM  tail 
wan  broken  i>artly  off;  B»  three-taileil  form,  two 
taila  havinK  a  c<immoo  coven iix.  all  thei*e  partn 
beiniC  receiierateii  after  old  tail  wait  cut  off;  C 
TrUon,  aiMitional  leu  |>r(Mluce<l  by  wounding  femur; 
D.  double  foot  |>r(Mluce<l  by  tyiiin  thread  »»ver  re- 
generatiiiK  ntump;  A*.  F,  G,  rpRcneratinl  fcot  of 
Triton  after  variouN  mutilations.   (.\f ter  Tarnier. ) 
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n./'Janorio: 

A.  Specimen  cut  in  two  «  Ik  lorw 

ird  ■>•;«■, 

rescneratins  two  hmlf-hesdg  ;  fi.  <ni 

one  side  iif  middle  line,  aoudler  piec< 

b>viiKre- 

generatfid  ft  head  ;  C.  cut  piu-tLy  in 

t»o.  bavins 

tion,"  as  certMn  phases 
of  regeneration  are 
calletl,  are  the  property, 
in  some  degree  probably, 
of  most  animals. 

The  significance  of 
this  capacity  has  been 
long  recognized  as  of 
much  importance  in  our 
conceptions  of  the  germ 
plasm  character  and  dis- 
position, but  no  general 
agreement  regarding  it 
has  even  yet  been 
reached  by  biologists. 
More  and  better  under- 
stood facts  about  re- 
generation are  needed. 
And  this  need  it  aeems 
to  be  the  province  of 
experimental  biology  to 
supply.  By  the  carry- 
ing on  of  ingeniously  planned  and  carefully  controlled  series 
of  experiments  with  re- 
generating animals,  we 
are  acquiring  a  great 
mass  of  important  data, 
and  the  interpretation 
and  generalization  of 
these  data  is  certain  to 
be  accomplished  in  the 
near  future. 

We  have  space  here 
to  call  attention  to  but 
one  of  the  ways  in  which 
an  understanding  of  the 
phenomena  of  regener- 
ation will  throw  light  on 
one  of  the  fundamental 
problems  in  develop- 
ment.   To    those  biolo- 
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gists  who  believe  with  Weismann  that  there  is  a  sharp  distinc- 
tion between  the  germ  plasm  and  the  somatic  or  body  plasm, 
and  that  this  germ  plasm  is  limited  to  the  germ  cells  and 
germ--cell  producing  tracts,  the  regeneration  of  a  nearly  whole 
body  or  even  a  considerable  part  of  a  body  from  a  region  which 
does  not  include  a  germ  cell  presents  a  serious  obstacle.    But 

(^^^^       before   this   obstacle 

V 


can  be  considered  as 
one  rendering  the 
germ  plasm  theor>' 
absolutely  untenable, 


it  IS  necessar}'  to 
prove  what  the  re- 
generated parts  are 
composed  of.  Are 
they  composed  sim- 
ply of  repeated  simi- 
lar cells,  all  of  one 
tissue  type,  or  do 
they  include  other 
kinds  of  cells  or  tis- 
sues than  those  par- 
ticular kinds  from 
which  the  regener- 
ated part  springs? 
It  is,  of  course,  ad- 
mitted that  manv, 
indeed  most  cells  of 
the  Ixxiy,  can  repro- 
duce other  colls  like  themselves.  Now  is  it  a  fact  that  regen- 
erated imrts  are  composetl  of  different  kinds  of  cells?  As  a 
matter  of  fart  this  has  been  proved  to  bo  so  by  olwervation 
and  by  oxporimont.  Niunoroiis  instances  are  known  in  which 
body  collrt  arising  originally  from  one  germ  layer  have  pro- 
ducoil  in  the  course  of  rogonoration  not  only  cells  like  them- 
selves, hut  others  which  in  normal  dovolopment  could  only 
arise  from  another  germ  layer.  So  it  is  plain  that  the  study 
of  rogonoration  has  already  done  much  to  mcKlify  our  former 
conceptions  of  the  factors  and  conditions  of  development. 


Fko.  172. — Regeneration  of  the  bUatuU  and  cantnibe 
of  aea  urrhinn;  line  indicaten  where  the  blaiitula  or 
■Mitnila  wan  rut  in  half;  the  smaller  figureM  ahow  re- 
nilta  of  the  reiteneration  of  the  two  halvee  of  each. 


CHAIT^pni  XIV 
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This  much  then  wc  have  gained,  that  wo  may  aHsort  ^nthout 
hesitation,  that  all  the  more  {icrfcct  organic  natures,  such  as  fishes, 
amphibious  animals,  birds,  mammals,  and  man  at  the  head  of  the  list 
were  all  formed  upon  one  original  type  which  varies  only  more  or  less 
in  parts  which  are  none  the  less  i)ermanent,  and  which  still  daily 
changes  and  modifies  its  form  by  propagation. — Goethe  (1796). 

In  a  suggestive  sentence,  Haeckel  speaks  of  our  knowledge 
of  the  line  of  descent  in  the  history  of  any  group  of  animals  or 
plants  as  being  derived  from  "three  ancestral  documents — 
morphology,  embryology,  and  paleontology." 

Of  these  three,  paleontology  is  at  once  the  most  certain  and 
the  most  incomplete.  Each  fossil  animal  is  a  record,  absolutely 
authentic,  so  far  as  it  goes,  admitting  of  no  doubt  or  question, 
but  for  the  most  part  yielding  only  a  very  little  of  the  truth 
involved  in  its  existence. 

For  no  animal  whatever  is  preserved  as  a  fossil  except  as 
the  result  of  an  unusual  combination  of  circumstances.  Only 
those  parts  which  are  themselves  hard,  calcareous,  silicious,  or 
horny,  with  rare  exceptions,  can  retain  their  form  in  the  rocks, 
and  even  these,  shells,  teeth,  bones,  and  the  like,  are  often 
crushed  or  distorted  so  that  their  actual  form  or  nature  may 
be  open  to  question.  In  addition,  only  the  minutest  fraction 
of  the  sedimentary  rocks  of  the  earth  has  been  laid  bare  by 
artificial  excavation  or  by  natural  erosion,  and  thus  opened 
to  the  inspection  of  man,  and  the  number  of  fossils  actually 
observed  can  be  only  the  most  trivial  fraction  of  a  fraction  of 
the  organisms  actually  existing  and  preserved. 

With  all  this,  the  human  race  has  in  the  past  shown  a 
singular  lack  of  insight  in  the  interpretation  of  animal  remains 

289 


200  EVOLUTION  AND  ANIMAL  LIFE 

found  in  the  stone.  As  LyeO  has  graphically  riiown,  it  took 
one  hundred  and  fifty  years  of  dispute  and  argument  to  persuade 
even  learned  men  that  shells  and  teeth  in  the  rocks  were  actual 
remains  of  actual  animab,  and  another  hundred  and  fifty  years 
to  demonstrate  that  the  shell-bearing  rocks  were  not  masses 
of  dibriB  from  Noah's  flood.  Nothing  in  the  history  of  science 
is  more  tedious  than  the  arguments  directed  against  the  first 
students  of  fossib,  to  show  that  these  structures  were  mere 
sports  of  nature,  whimsicalities  of  creation,  or  freaks  developed 
in  the  fatty  matter  (materia  pinguia)  of  the  earth  by  the  en- 
tangling influence  of  the  revolving  stars. 

Notwithstanding  all  these  defects  in  material,  and  this 
stupidity  of  theory,  the  study  of  fossils  has  still  gone  on,  and 
by  its  means  we  are  able  to  delineate  with  large  certainty  the 
line  of  evolution  of  most  groups  of  animals,  and  the  nature  of 
faunal  relations  in  the  different  periods  of  geological  time. 
If  we  had  not  already  a  theory  of  evolution  by  derivation  of 
forms,  we  should  be  obliged  to  invent  one  in  face  of  the  facts  of 
paleontology.  In  Huxley's  words,  "fossils  are  only  aninmls 
and  plants  which  have  been  dead  rather  longer  than  those 
which  died  ycsterdav." 

Fossils  are  cither  actual  remains  of  bones  or  other  parts 
preserved  intact  in  boil  or  rocks,  or  else,  and  more  commonly, 
parts  of  the  animals  which  have  been  turmnl  into  stone,  or  of 
which  stony  casts  have  l)con  made.  All  such  remains  buried 
by  natural  causes  are  calliHl  fossils.  The  i>rocess  by  which 
they  are  sometimes  changed  from  animal  substance  into  stone 
is  calleil  petrifaction. 

Fossils  mav  Ik»  of  tliree  kinds.  In  the  case  of  recent Iv 
extinct  animals,  Inmes  or  other  parts  of  the  IkxIv  may  become 
buriiHl  in  tlie  soil  and  lie  there  for  a  lon^  time  without  any 
change  of  organic  into  inorganic  matter.  Tlius  fossil  ins(M*ts 
are  found  with  the  IkhHcs  j>restTve<i  intact  in  amlx»r,  a  fossil 
resin  from  some  ancient  and  extinct  pine  tree.  Over  eiglit 
hundrcni  siHU'ies  of  extinct  inst»cts  are  known  from  amber 
fossils.  Tlie  lM)nes  of  the  earliest  nienil»ers  of  tlie  elephant 
family,  the  ti»<»tli  of  «»xtinct  .**harks,  the  shells  of  extinct  mollusks 
and  fragments  of  hiiri<Mi  logs,  are  also  often  found  intact,  still 
eom|)osiMl  of  tlieir  original  matter. 

In  the  s(M*on(I  kind  of  fossils  the  original  or  organic  matter 
is  gone,  the  organic  form  and  organic  structure  In'ing  prescribed 
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in  mineral  matter.  That  is,  the  organic  matter  has  been 
slowly  and  exactly  replaced  by  mineral.  As  each  particle  of 
organic  substance  passed  away  by  decay,  its  place  was  isken 
by  a  particle  of  mineral  matter.  Such  fossils  are  called  petri- 
factions. This  is  beautifully  shown  in  the  case  of  petrified 
wood.  We  can  cut  and  grind  thin  a  bit  of  petrified  wood,  and 
see  in  it,  with  a  microscope,  the  exact  details  of  its  original 
fine  cellular  structure.     This  substituted  mineral  matter  mav 

• 

be  one  of  several  minerals,  but  usually  it  is  silica  ((quartz)  or 
carbonate  of  lime  (limestone)  or  sulphide  of  iron  (iron  pyrites). 
In  the  case  of  animal  parts  which  were  originally  partly  organic 
and  partly  inorganic,  as  bones  and  teeth  and  shells,  often  only 
the  organic  matter  is  replaced  by  the  petrifying  mineral, 
although  sometimes  the  old  inorganic  matter  is  also  replaced. 
Finally,  sometimes  the  organic  matter  and  organic  structure 
are  both  lost,  only  the  original  outline  of  form  of  the  whole 
part  being  retained.  This  occurs  when  the  organic  matter 
imbedded  in  mud  and  clay  decays  away,  leaving  a  hollow 
which  is  filled  up  by  some  mineral  difTereiit  from  the  matrix. 
In  this  case  the  fos.sil  is  8imi)ly  a  cast  of  tlie  original  organic 
remains. 

Some  traces  even  of  the  finest  organisms  occasionally 
apjx^ar. 

**ConditionH  have  sometimes  permitted  oven  the  most  delicate 
structures,  such  as  insects'  icings  and  the  impn»ssions  of  jellyfiahea 
to  become  retained  in  the  soft  mud,  which  afterwards  became  solidi- 
fied. L(H*alities  famous  the  world  over  for  tlie  beauty  and  clelicacy 
of  their  fossil  remains  are  the  lithographic  stone  ({uarries  of  Bavaria 
and  certain  beds  in  France  "  (Fahtman). 

These  (lei>osits  were  perhaps  forme<l  in  the  clear,  (juiet  waters 
of  a  coral  lagoon. 

Examination  and  study  of  the  rocks  of  the  earth  reveal  the 
fact  that  fossils,  or  the  remains  of  animals  and  plants,  are 
found  in  certain  kinds  of  rocks  onlv.  Thev  are  not  found  in 
lava,  lK»cause  lava  conic^s  from  volcan(H»s  and  rifts  in  the  earth  s 
crust,  as  a  n*d-hot.  viscous  li(]uid,  which  cools  to  form  a  hard 
rock.  No  animal  or  plant  caught  in  a  lava  stream  will  leave 
any  trace.  Furthermore*,  fossils  are  not  found  in  granite,  nor 
in  ori*s  of  metals,  nor  in  certain  other  of  the  common  roi*ks. 
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Many  rocks  are,  like  lava,  of  igneoiifl  oripn;  othord,  like 
frruiiitc,  althnu^U  not  iiriginally  in  meltc<l  rnmlitiim,  liavi>  Ivceti 
so  heated  Hu))HG(|uont  to  tlii'ir  fiirnmtion,  tliut  any  tra(vtt  of 
animal  or  (ilant  remains  in  tiicm  have  tMH*!!  oblitoratofl.  FoBHibt 
arc  fou[id  almost  cxclusiveiy  in  rocks  wliicli  have  brcn  formed 
by  the  slow  deposition  in  water  of  sand,  clay,  mud.  or  lime. 
The  sediment  which  is  carried  into  a  lake  or  ocean  by  the 
streams  opening  into  it  sinks  slowly  to  the  bottom  of  the  lake 
or  ocean  and  forms  there  a  layer  which  gra<]ually  hardens  under 
pressure  to  become  rock.  This  is  called  sedimentary  rock,  or 
stratified  rock,  because  it  is  composed  of  sediment,  and  sedi- 
ment always  arranges  itself  in  layers  or  strata.     In  sedimentary 


or  stratified  rocks  fossils  are  found.  The  commonest  rocks  of 
this  sort  are  limestone,  sandstone,  and  shales.  Limestone  is 
forme<l  chiefly  of  carbonate  of  time;  sandstone  is  cemented 
sand:  and  shales,  or  slaty  rocks,  arc  formed  chiefly  of  clay. 

The  formation  of  sedimentary  rocks  has  been  going  on  since 
land  first  rose  from  the  level  of  the  sea;  for  water  has  always 
been  wearing  away  ro<'k  and  carrying  it  as  sediment  into  rivers, 
and  rivers  have  always  been  carrying  the  wom-oflf  lime  and 
sand  and  day  downward  to  lakes  and  oceans,  at  the  bottoms 
of  which  the  particles  have  been  piled  up  in  layers  and  have 
formeil  new  rock  strata.  But  geologists  have  shown  that  in 
the  course  of  the  earth's  history  there  have  been  grcat  changes 
in  the  position  and  extent  of  land  and  sea.  Sea  bottoms  have 
been  folded  or  upheaved  to  form  dry  land,  while  r^ons,  once 
land,  have  sunk  and  been  covered  by  lakes  and  seas.  Again, 
through  great  foldings  in  the  cooling  crust  of  the  earth,  which 
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resulted  in  depression  at  one  point  and  elevatitm  at  another, 
land  has  become  ocean  and  ocean  land.  And,  in  the  akiiost 
unimaginable  period  of  time  which  has  passed  since  the  earth 
first  shrank  from  it«  hypothetical  condition  of  nebulous  vapor 
to  be  a  Imll  of  land  covered  with  water,  niich  changes  have 
occurred  over  and  over  again.  Tliey  have,  however,  mostly 
taken  place  slowly  and  gradually.     The  principal  seat  of  great 


change  is  in  llio  rccioii:*  of  nioiintiiiii  rh:tiii^<.  whii-li.  in  m<Vii 
cases,  are  simjily  llie  rciimins  of  old  fulil.s  or  wrinkles  in  the 
crust  of  the  eurtli. 

When  an  aquatic  animal  dies,  ii  sinkw  to  llif  txiltom  of  the 
lake  or  ocean,  unW-i,  of  course,  its  flcnh  is  oaten  by  sonte  other 
animal.  Even  then  its  hard  jwrts  will  probably  find  their 
way  to  the  l)otlom.  There  the  remains  will  soon  l>c  covered 
by  the  always  dn)]>pinK  si'diment.  They  art-  on  the  way  to 
iMWoine  foHMils.  Some  land  animals  also  miKhi.  after  death, 
get  carried  by  a  river  to  the  lake  or  ocean,  and  tind  their  way 
to  tl«'  l»ottom,  where  they,  tmi.  will  U'coino  fo.ssils,  or  they 
may  die  un  the  bunks  of  the  lake  or  ocean  and  their  iMKlies  may 
get  buried  in  the  soft  nnid  »(  the  shores.  (Jr.  again,  they  are 
often  trodden  in  the  mire  alxint  salt  springs  or  submerged  in 
quick.-uinds.  It  is  obvious  that  aijiiittic  animals  are  far  more 
likely   to   bt-   pn-served   as   fossils   than   lan<l   uniuials.     Tliis 
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inference  is  strikingly  proved  by  fossil  remains.  Of  all  the 
tlioiisamis  and  thousands  of  kinds  of  extinct  insects,  mostly 
Ijind  animals,  comparatively  few  B]>ecimpnB  are  known  as  fossils. 
On  Ihc  other  hand,  the  shell-bearing  mollusks  and  cruBtaceans 
are  represented  in  almost  all  rock  dejwsits  which  contain  any 
kind  of  fossil  remains. 

It  is  obvious  that  any  portion  of  the  earth's  surface  covered 
by  stratified  rocks  must  have  Ix-en  at  some  time  under  water, 
the  bottom  of  a  lake  or  ocean.  If  now  this  portion  shows  a 
nories  of  layers  or  strata  of  different  kinds  of  sedimentary  rocks, 
it  is  evident  that  it  miist  have  been  nnder  water  several  times, 
or  at  least  under  difTcrent  conditions.  It  is  also  evident  that 
fossils  found  in  this  portion  of  the  earth  will  contain  rcmaina 
of  only  those  animals  which  were  living  at  the  various  times 
this  portion  of  the  earth  was  un<Ier  water.  Of  the  animals 
which  lived  on  it  when  it  was  land  there  will  be  no  trace, 
except,  possibly, a  few  land  or  fresh-water  forms,  which  might 
be  swept  into  the  sea  or  niighl  l>e  preserve*!  in  the  mud  of  ponds. 


(AfMr  SMiay.) 

That  is.  instead  of  finding  in  the  -Mratified  rocks  of  any  portion 
of  the  earth  remains  of  all  the  animals  which  have  lived  on  that 
[xirlion  since  the  earth  Ix-gan,  we  shall  find,  at  best,  only  rc- 
in;iiris  of  a  few  kinds  of  those  animals  which  have  lived  on  thia 
]>orlinn  of  the  earlh  when  it  was  covere<l  by  the  ocean  or  by  a 
great  lake. 

Thiis,  the  great  body  of  fossil  remains  of  animals  reveal  only 
a  l>roken  and  incomplete  history  of  the  animal  life  of  the  pa.st. 
But  the  record,  so  far  as  it  goes,  is  an  absolutely  truthful  one, 
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and  when  the  many  deposits  of  fossils  in  all  parts  of  the  different 
continents  are  examined  and  compared,  it  is  possible  to  state 
numerous  general  truths  in  regard  to  past  life  and  the  suc- 
cession of  animals  in  time.  The  science  of  extinct  life  is  knoia-n 
as  paleontology. 

The  study  of  paleontology  has  revealed  much  of  the  history 
of  the  earth  and  its  inhabitants  from  the  first  rise  of  the  land 
from  the  sea  till  the  present  era.  This  whole  stretch  of  time 
— how  long  no  one  can  guess — is  dividcnl  into  eras  or  ages;  Xhwe 
ages  usually  into  lesser  divisions  called  periods,  and  the  periods 
into  shorter  lengths  of  time  called  epochs.  Each  epoch  is 
more  or  less  sharply  distinguished  from  every  other  by  the 
different  species  of  animals  and  plants  which  lived  while  its 
rocks  were  being  deposited.  In  the  earth's  crust,  where  it  has 
not  been  distorted  by  foldings  and  breaks,  the  oldest  stratified 
rocks  lie  at  the  bottom  of  the  series,  and  the  newest  at  the  top. 
The  fossils  found  in  the  lowest  or  oldest  rocks  represent,  there- 
fore, the  oldest  or  earliest  animals,  those  in  the  upper  or  newest 
rocks  the  newest  or  latest  animals. 

An  examination  of  a  whole  series  of  strata  and  their  fossils 
shows  that  what  we  call  the  most  specialized  or  most  highly 
organizcni  animals  did  not  exist  in  the  earliest  epochs  of  the 
earth's  history,  but  that  the  animals  of  these  e|K)chs  were  all 
of  the  simpler  or  lower  kinds.  For  example,  in  the  earlier 
stratified  rocks  there  are  no  fossil  remains  of  the  backl)onetl 
or  vertebrate  animals.  When  the  vertebrates  do  apjx'ar, 
through  si»veral  geological  e|>ochs  they  are  fishes  only,  memlx»rs 
of  the  lowt»st  group  of  backbone<l  animals.  More  than  this, 
they  represent  generalized  tyi)es  of  fishes  which  lack  many  of 
the  si)ecial  a(Ia])tations  to  marine  life  that  modern  fishes  .show. 
For  tliis  reason  they  l)ear  a  greater  resen\hlanro  to  tlie  earlier 
reptiles  than  do  the  fish<*s  of  to-day:  in  other  words,  they 
were  a  geiieralizcnl  tyfH*,  showing  the  In^ginnings  of  characters 
of  their  own  and  otlier  ty|)es.  It  is  always  through  general- 
ized tyi)es  that  great  clasw^s  of  animals  approach  each  other. 

In  a  later  e|K)cli  the  hatrachians  or  anipliilnans  ap|)eare«l; 
in  a  still  latrr  iKTi<Ml,  the  rri>til<»s:  and  last  of  all,  the  birds  and 
the  inaiiiinals,  thr  last  InMiig  tlic  highest  of  the  baeklnmeil 
animals.  The  following  ta?>l<'  gives  tin*  names  and  suecession 
of  tlu*  various  >:<»olojri<-al  jx-riods,  and  indicates  briefly  some 
of  the  kin<ls  of  animals  living  in  each.     In  each  of  these  di- 
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Eras  or 
Pkrioor. 


Onosoic. 

Era  of 
Mamnmlii. 


Meflozoic. 

Kra  of 
Reptiles. 


Paleozoic. 

Kra  of 

Invert  t»brate8. 


AOKH  OR  HySTRMM. 


Quat(»mary  or  Plei»- 
toceiie  (age  of  nian 
and  insectn) 

Tertiary :  Pliocene, 
Miocene,  Eocene. . . . 


Cretaceous. 


Animalh  Emprciallt  CnARACTKKnrnc 
or  THE  Era  or  Aae. 


Man;   mammalfi,  mostly  of  spe- 
cies still  living. 

Mammals  abundant;  belonging  to 
numerous  extinct  families  and 
orders. 


Jurassic 


Triassic 


(•arlx)niferous  (age  of 
amphibians) 


Devonian      (age      of 
fishes) 


Silurian  (age  of  inver- 
tebrates)   


Ordovician  or  Lower 
Silurian 


Rirdlike  n^ptiles;  flying  reptiles; 
toothed  birds;  first  snakes;  bony 
fishes  abound;  sharks  again 
numerous. 

First  birds;  giant  reptiU^s;  ammo- 
nites; clams  and  snails  abun- 
dant. 

Firat  mammals  (a  marsupial); 
sharks  reduced  to  few  forms; 
bony  fishes  appear. 


^Earliest  of  true  reptiles.     Am- 
phibians;   lung  fishes;    fringe 
tins;  first   crawfishes;    insects 
abundant;  spiders;  fresh-wa- 
ter  mussels. 
'  First  amphibian   (froglike  ani- 
mals); sharks;  ostracophores; 
first  land  shells  (snails);  mol- 
lusks  abundant;  first  crabs. 
First    truly  terrestrial    or   air- 
breathing   animals;    first   in- 
sects; corals  abundant;  mailed 
I      fishes. 

r  Firat     known     fishes,    ostraco- 
!      phorps,  mailed  and  with  carti- 
I      laginous    skeleton;     brachio- 
i  L     pods;  trilobites,  mollusks,etc. 
Cambrian '  Invertebrates  only. 


AnlM-jin.  ^tbn"^**'"*.    .^"'^""  '  ^'^»'"P'^  "^""^  invertebrutes. 


visions  of  froological  time  some  one  class  of  animals  was  espe- 
cially numerous  in  six'cies,  and  was  evidently  the  dominant 
group  of  animals  through  that  |>eriod.  The  diflferent  ages  are 
therefore  siM)ken  of  in  terms  of  the  prevailing  life.  Thus,  the 
"Silurian  Age"  is  known  as  the  age  or  era  of  invertebrates; 
th(»  **  Devonian,"  as  the  age  of  fishes.  In  the  same  way  we 
have  the  "lleptilian  Age,"  the  "Mammalian  Age,"  according 
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to  the  great  cUsa  of  animals  predominating  at  that  time.  Of 
course,  in  each  of  the  hit  er  epochs  there  lived  aniniabt  reprewiit- 
ing  the  principal  classes  or  gron|«  in  all  of  the  prcce<ling  ones, 
as  well  as  the  animals  of  tliat  particular  groii]>  which  niay 
have  first  appeared  in  tliia  epoch,  or  was  its  dominant  group 


Flo.  177.— RMIortlLun  at  Oil 


Sceley.) 


In  the  study  of  fiiswils  nut  only  is  it  necessary  for  us  to 
consider  the  actuul  fiirnis  and  Hlrutturfs  and  tlio  sik'ck's  ilu-y 
represent,  but  wc  should  so  fur  as  |>ossil>lc  reoonsi rutt  llie  con- 
ditions under  which  the  orttnnisni.i  were  ulivc.  mid  ihe  thn'mU 
of  genealofry  which  iimncct  those  of  ohc  jM'riod  with  ihose 
which  precede  or  follow  tlitiii.  Hy  such  studic.i  a.s  these  we  are 
brought  dose  to  a  considoralion  of  the  ineth<Kl  of  creation,  and 
to  a  knowl(Hlf!c  not  only  of  tlie  oHjjin  of  siH-cics  but  to  the 
causes  underlying  the  divergem-e  of  the  great  trunkjj  of  uniuiat 
and  plant  life. 

"In  youth,"  says  Dr.  A.  S.  Piickiird,  "the  older  imtiiraliots  of  the 
preaent  Keneration  wen-  tiiuKlil  tlic  doilriiif  nf  rreulioii  hy  suildeii, 
catB<-lyHiiiul,  tiuH-hmiii-ul  cniilivi-  nets,  mid  thow  l<i  whose  lin  it  fell 
to  roine  inlu  CDiituit  willi  the  iilltMiiile  faitH  :iii<l  |>riii<'i|>li's  iif  the  ni-w 
biulof^y  Imd  Id  uiileuni  lliis  view,  iiiiil  KTiuluiilly  to  work  mil  a  lurger. 
more  profumiJ,  widvr  rvueliiii};  :itid  iimru  iiIuIumijiIiIl'  cuiui'pliuii  of 
creation." 

An  early  jialcontoloKist,  1>.  A.  Oaudry,  utters  these  sug- 
gestive words: 

"We  i-ftiiiKit  n-fniin  fnmi  IcMiktii):  will)  euriims  lulimrntion  u|>on 
the  iiiiiuiiierulile  ereaturt-s  tliat  liave  tM-eoiiie  jircserved  to  ua  from 
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the  earth's  early  days  and  calling  them  to  life  again,  and  in  our  imagina- 
tion we  ask  these  ancient  inhabitants  of  the  earth  whence  they  were 
derived  :  'Speak  to  us  and  say  whether  you  are  isolated  remnants 
disscminatcKl  here  and  there  throughout  the  immensity  of  the  ages, 
without  order  more  comprehensible  to  us  than  the  scattering  of  flowers 
over  the  prairie?  Or  arc  you  in  verity  linked  one  to  another  so  that 
we  may  yet  be  able  amid  the  diversity  of  nature  to  discover  the  in- 
dications of  a  plan  wherein  the  Infinite  has  stamped  the  impression  of 
His  unity? '  The  imraveling  of  the  plan  of  creation — this  is  the  goal 
to  which  our  efforts  now  a^^pirc.  Whatever  our  theories  as  to  it," 
Claudry  continues,  "there  is  a  plan.  A  day  will  come  when  the 
paleontologists  will  seize  the  plan  which  has  presided  over  the  de- 
velopment of  life." 

This  plan  is  found  in  the  phenomena  of  organic  evolution, 
the  interrelation  of  the  different  factors  or  forces  of  heredity, 
variation,  adaptation,  fecundity,  with  the  conditions  of  isola- 
tion of  forms  and  the  relations  of  environment.  In  the  study 
of  these  details,  we  receive  great  light  from  the  investigation 
of  comparative  structure,  and  the  forces  and  processes  of 
individual  development.  These  are  Haeckers  ancestral  docu- 
ments of  morphology  and  embryology,  but  all  theory  finds  its 
final  verification  in  its  accord  with  the  facts  of  paleontology, 
the  recorded  evidence  of  succession  in  time. 

Among  the  general  deductions  from  paleontology  are  the 
following: 

The  various  primary  groups  or  branches  of  the  animal 
kingdom  a.s  well  as  the  principal  classes  are  all  very  old,  most 
of  them,  the  vertebrates  excepted,  appearing  in  the  earliest 
known  fossiliferous  rocks.  It  is,  however,  evident  that  these 
rocks.  Lower  Silurian  or  Ordovician  and  Cambrian,  are  very 
far  from  the  actual  beginning  of  life. 

In  eacli  group  the  earliest  forms  are  relatively  simple, 
unspecialized,  and  as  a  rule  marine.  Many  of  them  are  em- 
bryonic typos,  that  is,  forms  morphologically  comparable  to 
tlie  embryos  of  forms  of  later  ap|)earance.  To  such  forms, 
tlic  less  ai)propriatc  term  of  ** prophetic  types"  has  been  ap- 
plied. Many  of  tlic  earlier  forms  are  of  synthetic  types, 
that  is,  embracing  characters  distinctive  of  different  diver- 
gent groups.  Such  synthetic  ty|)es,  where  the  rt*si»mblance8 
arc  shown  to  be  indicative  of  real   homology,  are   now  re- 
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gardcd  as  indicative  of  the  actual  ancestry,  from  which  the 
later  types  have  diverged. 

The  persistence  of  heredity  is  the  basis  of  the  parallelism 
between  geological  and  embryonic  series.  By  its  influence 
ancestral  traits  are  repeated  in  the  embryo,  even  though  the 
characters  thus  produced  give  way  in  later  development  to 
further  specialization  or  growth  along  other  lines.  This  great 
truth  has  been  stated  in  these  words:  "The  life  history  of  the 
individual  is  an  epitome  of  the  life  history  of  the  group  to 
which  it  belongs.''  This  statement  is  only  true  when  stated 
very  broadly,  for  there  are  many  exceptions  or  modifications. 
The  embryonic  or  larval  animal  is  subject  to  almost  endless 
secondary  changes  and  adaptations  whenever  these  changes 
are  for  the  advantage  of  the  animal.  In  general,  the  simpler 
the  structure  of  the  animal  and  the  less  varied  its  relations  in 
life,  the  more  perfectly  are  these  ancient  phases  of  heredity 
preserved  in  the  process  of  development.  In  such  case,  the 
more  perfect  is  the  parallelism  between  the  development  of 
the  individual  and  the  succession  of  forms  in  geologic  time. 

It  is  not  always  true  that  the  recent  representatives  of  a 
group  are  higher  in  a  morphological  sense  than  some  or  all  of 
the  earlier  meml)ers.  They  are,  however,  in  all  cases  farther 
from  the  original  or  parent  stock.  In  many  groups  there  is  a 
progress,  seemingly  rapid,  toward  a  high  degree  of  H|)ecializa- 
tion  followed  by  the  di8ap|)earance  of  the  highly  organized 
types,  while  forms  of  low  development — sometimes  even  those 
of  primitive  character — may  remain  in  ahimdance.  The  evolu- 
tion of  the  group  of  HraehiojKHis  is  an  illustration  of  this.  The 
group  is  represented  in  the  Lower  Silurian  by  numerous  genera 
of  simple  structure,  as  Lingiila,  Terebratnla  and  the  like.  It 
culminates  in  the  Carlwrniferous  age  with  complex  genera  as 
Spirilvr,  PnHiiirtns,  Orthis,  while  tlie  modern  representatives 
LintjnUUa,  Tcrehratulirm,  Waldhfimin,  etc..  are  little  more  ad- 
vanced than  tlie  primitive  forms.  Similar  phases  have  charac- 
terize<l  tin*  apiH^aranco.  eulinination.  and  relative  extinction 
of  tl»e  tril(>bit(»s,  the  ennoids,  the  ammonites,  antl  other  groups. 
The  total  extiiH'tion  of  any  larjre  jrroup  has  not  usually  taken 
place.  I'sually  a  few  spe<'i<»s  liave  reinainetl,  thus  giving  us  a 
lM»tter  clfw  to  the  life  history  and  (levelo|>m(»nt  of  tlie  group 
than  we  shouM  otherwis(»  possess. 

One  feature  sltown  in  many  groups  of  extinct  animals  has 
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never  received  accurate  definition  or  interpretation.  The 
group  may  appear  in  a  series  of  relatively  simple  forms,  showing 
affinities  with  some  type  from  which  it  may  have  diverged. 
These  early  genera  will  be  succeeded  in  the  rocks  by  otherSi 
arranged  progressively  so  as  to  form  a  series  apparently  mov- 
ing in  a  certain  direction.  Each  genus  successively  following 
in  time,  will  perhaps  show  a  greater  and  greater  emphasis  on 
some  one  group  of  characters,  a  greater  and  greater  specializar 
tion  in  some  one  direction.  Arranging  the  genera  in  series,  it 
looks  as  if  there  were  a  definite  line  of  variation  shown  in  their 
gradual  succession.  These  phenomena  have  been  s})own  in 
various  groups  of  reptiles  and  fishes,  and  especially  well  in  the 
evolution  of  the  extinct  order  of  ammonites.  These  animals, 
allied  to  the  living  nautilus,  lived  in  coiled  chambered  shells 
which  gradually  assumed  great  complication  of  form  and  orna- 
mentation. The  extreme  of  this  course  of  evolution  was  fol- 
lowed by  corresponding  progressive  degeneration.  In  some 
cases,  this  condition  continues  to  the  present  time.  More 
frequently,  the  specialization  along  the  original  lines  continues 
to  a  certain  point,  to  be  followed  by  the  progressive  degenera- 
tion and  perhaps  the  ultimate  loss  of  the  very  same  structures 
in  which  the  high  degree  of  specialization  has  prev^led. 

To  phenomena  of  this  kind,  the  term  determixiate  varia- 
tion or  orthogenesis  has  been  applied.  This  phrase  seems  to 
involve  the  theory  that  the  evolution  has  gone  forward  toward 
some  predeterminetl  end,  or  that  in  some  way  only  variations 
leading  toward  this  end  have  existed  or  at  least  have  been 
able  to  maintain  themselves.  It  is  possible,  however,  that  the 
cause  may  be  foimd  in  the  influence  of  some  phase  of  environ- 
ment ,  whicli  directs  the  course  of  natural  selection  continuously 
along  a  certain  line.  A  reversal  of  selection  would  be  naturally 
follow(Hi  by  a  degeneration  of  the  structures  developed  to  a 
point  beyond  the  need  of  the  animal. 

It  is  plain  that  much  is  to  be  learned,  especially  in  regard  to 
the  relationships  existing  among  living  animals,  by  a  study  of 
those  of  the  past.  A  comparison  of  certain  of  the  ancient 
reptiles  with  the  long-tailwl  Archcropteryx  (Fig.  178)  and  other 
t(H)th(Hl  birds  shows  that  the  birds  and  reptiles  were  once 
soiirc(»ly  (listingiiishable,  although  now  so  very  different.  Birds 
have  feathers,  reptil(*s  do  not;  but  there  is  scarcely  any  other 
I)ermanent    difference.      Fossils  show  a  similar  close  relation 
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between  amphibians  and  fishes.  A  study  of  these  ancient 
forma  also  throws  light  on  many  conditions  of  structure  in 
modem  animals,  otherwise  difficult  to  understand.  An  exam- 
ple of  this  sort  is  found  in  the  splint  bones  of  the  modem 
hone  (see  Fig.  179). 

It  is  a  fact  unquestionable  that  a  species  will  change  on  its 
own  grounds  little  by  little  with  the  lapse  of  time  and  the  slow 
alteration  of  conditions  of  selection.  Nations  change,  languages 
change,  customs  change,  nothing  is  secure  agunst  the  tooth  of 


time.  Tliis  is  in  general  true,  IxM-ausc  with  time,  alteration  of 
environment  takes  place,  events  hajiix'ti,  then*  ia  an  aheration 
of  the  stress  of  life  and  with  this  alteration  ull  life  may  be  aet«tl 
upon. 

That  timo-mutationx  in  ull  Sorm*  of  life  dn  take  place  is 
beyond  c{neHtion,  and  some  have  regardt-d  these  slow  changes 
as  the  chief  agency  in  the  formation  of  six>eies.  Hut  the 
current  <if  life  <l(>es  not  flow  in  straight  lines  nr>r  in  an  even 
current.  Sik-cics  are  lorn  apart  l>y  olisuiiles,  as  streams  are 
divide«l  liy  nwks,  und  the  rapidity  nf  their  fornmiiini  is  ytrtt- 
portioiKHl  to  the  nizf  of  the  <il>staele  antl  the  alternations  it 
|irodnii>»  in  the  How  iif  life. 

We  have  some  luisis  fur  the  et<liniate  of  the  duration  of  a 
Biiecies.     When   the  great  glacial   Ijake  Bonneville  occupied 
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the  basin  of  the  Great  Salt  I^ke,  the  same  species  of  fishes 
and  insects  were  found  in  all  its  tributaries.  Now  that  these 
streams  flow  separately  into  a  lifeless  lake,  the  same  species 
of  fishes  occur  in  them  for  the  most  part  without  alteration. 
One  species  of  sucker  {CaiosUmius  ardens)  and  one  chub  (Leuct9- 
CU8  lineatus)  are  found  imaltered  throughout  this  region  and 
in  the  Upper  Snake  River  (above  Shoshone  Falls),  into  which 
I^ake  Bonneville  was  once  drained.  Other  species  are  left 
locally  isolated,  but  one  species 
only  (Agosia  adobe) ,  a  small 
minnow  of  the  clay  bottoms, 
can  be  shown  to  have  under- 
gone any  alteration.  But  with 
tlie  tiger  beetles  (Cicindelce) 
a  large  number  of  species 
have  been  produced  by  sepa- 
ration. 

From  the  Bay  of  Panama 
374  species  of  fishes  are  re- 
corded in  the  recent  mono- 
graph of  Gilbert  and  Starks. 
Of  these  species,  204  are  re- 
corded also  from  the  Gulf  of 
California,  while  perhaps  fifty 
others  are  represented  in  the 
more  northern  bav  bv  closely 
related  forms.  Comparing  the 
fish  faunas  separated  by  the 
isthmiLS,  we  find  the  closest 
relation  possible  so  far  as 
families   and   genera  are  con- 

corncHl.  In  this  resi)ect  the  resemblance  is  far  closer  than 
that  between  Panama  and  Chile,  or  Panama  and  Tahiti,  or 
Panama  and  southern  California.  On  the  Atlantic  side,  simi- 
lar conditions  obtain,  although  the  number  of  genera  and 
species  is  far  greater  (about  1 ,200  s|)ecies)  in  the  West  Indies 
than  at  Panama.  This  fact  accords  with  the  much  larger  ex- 
tent of  the  West  Indies,  its  varied  groups  of  islands  isolated 
by  deep  channels,  and  its  near  connection  to  the  faunaa  of 
Brazil  and  the  United  States. 

But  it  is  also  noteworthy  that  while  the  families  of  fishes 


Fio.  170. — Diagrama  showinc  the 
of  changes  in  geologic  time  from  a 
hurne's  foot  of  four  sei>arate  toes  (f)  to 
one  of  one  toe  and  a  pair  of  if^iit 
bones  (a);  a-/  represent  the  feet  ol  dif- 
ferent horselike  animals  frooi  modem 
time  backward. 
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are  almost  identical  on  the  two  shores  of  the  isthmus  of  Panama, 
and  the  great  majority  of  the  genera  also,  yet  the  species  are 
almost  wholly  different. 

Taking  the  enumeration  of  Gilljert  and  Starks,  we  find  that 
out  of  374  species,  43  are  found  apparently  unchanged  on  both 
sides  of  the  isthmus;  265  are  represented  on  the  Atlantic  side  by 
closely  related  species — in  most  cases  the  nearest  known  relative 
of  the  Pacific  species — while  64  have  no  near  analogue  in  the 
Atlantic.  Of  the  latter  group,  some  find  their  nearest  relative 
to  the  northward  or  southward  along  the  coast,  and  still  others 
in  the  islands  of  Polynesia. 

The  almost  unanimous  opinion  of  recent  students  of  the 
isthmus  faunas  finds  expression  in  the  following  words  of  Gilbert 
and  Starks  (**  Fishes  of  Panama  Bay,"  p.  205): 

"The  ichthyological  evidence  is  overwhelmingly  in  favor  of  a 
former  open  communication  between  the  two  oceans,  which  must  have 
become  closed  at  a  period  sufficiently  remote  from  the  present  to 
have  permitted  the  s|)enfic  differentiation  of  a  very  larp;  majority  of 
the  forms  involved.  That  this  <lifferentiation  j)rogrt»88ed  at  widely 
varying  rates  in  different  instances,  becomes  at  once  apparent.  .V 
small  minority  (43)  of  the  sj)ecies  (11  jht  cent  of  the  sjHJcies  found  on 
the  Pacific  side;  about  2.5  of  tlie  combined  fauna)  remain  whoHv 
unchanged  so  far  as  wc  have  Ixx^n  able  to  determine  that  |)oint.  .\ 
larger  number  have  be<*ome  distinguished  from  their  re|)re8entatives 
of  the  opposite  coast  by  minute,  but  not  •tri\'iar  differences,  which 
are  wholly  constant.  From  such  re|>resentative  forms  we  pass  by 
imperceptible  gradation  to  s|>ecies  much  more  widely  separated,  whose 
immediate  relation  in  the  |)ast  we  cannot  confidently  affirm.  .  .  . 

"It  is  obvious,  however,  that  the  striking  resemblances  between 
the  two  fauna.s  are  shown  as  well  by  sHphtly  divergent  as  well  as  by 
identical  si)ecies,  and  the  evidence*  in  favor  of  int<T(Mvanic  conne<*tion 
is  not  weakened  by  an  incn»ase  in  the  one  list  at  the  ex|KMise  of  the 
other.  .Ml  cvi<lcncc  concurs  in  fixing  the  date  of  that  connection  at 
some  time  prior  to  the  Pleistocene,  probably  in  the  early  Mi<K«t»ne. 
When  geological  data  shall  U'  a(lc({uate  definitely  to  determine  lliat 
date,  it  will  give  us  the  best  known  measure  of  the  rate  of  evolution  in 
fishes." 

From  this  discussion,  it  is  probable  that  even  in  isolation 
some  species  change  very  slowly,  that  with  similar  conditions 
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the  changes  within  isolated  groups  of  a  spedes  may  be  parallel, 
and  that  the  Bpecific  changes  in  different  groups  may  progress 
with  very  different  degrees  of  velocity. 

The  earliest  known  vertebrate  remains  are  found  in  rocks  of 
the  Ordovician  age,  approximately  of  the  epoch  known  as 
Trenton,  at  CaRon  City,  in  Colorado.  These  remains  consist 
of  broken  bits  of  bony  shields  of  mailed  iiehcs  or  fishhkc  forms 
known  aH  Ostracophorcs.  With  ihe&e  are  fra)i;mcnt8  of  scales, 
which  sccni  to  be-long  to  more  specialized  forms.  It  is  evident 
that  these  remains,  as  well  as  the  remains  of  sharks  which 


ap|)ear  later  in  the  Upper  Silurian,  by  no  means  reveal  the 
actual  first  existence  of  vertebrates. 

The  sharks  which  appear  in  the  I'ppcr  Silurian,  although 
certainly  primitive,  even  as  compared  with  later  sharks,  are 
very  far  from  the  simplest  even  of  known  vertebrates.  There 
seems  to  be  good  reason  for  the  view  that  the  vertebrate  type  of 
animal,  with  the  nervous  cord  along  the  back  and  the  alimentary 
ranal  marked  by  gill  slits,  was  at  firet  soft-bodied  and  worm- 
hke,  in  fart,  derived  from  a  wormlikc  ancestry,  and  that,  prior 
to  the  Ordovician  and  Silurian  time,  it  was  devoid  of  hard 
parts.  The  early  sharks  have  teeth,  and  rough  skin,  fins,  and 
sometimes  fin  spines,  all  susceptible  of  preservation  in  the 
nickn,  even  though  the  skeleton  was  soft  and  cartilaginous. 
TheOatrucophores,  someof  which,  at  least.secm  to  be  modified 
sharks,  had  no  internal  hard  parts,  but  were  protected  by  an 
exlerniil  coat  of  mail,  (x-rhajw  forniwi  of  coalcseont  prickles  or 

From  the  t*)iark.H  were  dnulHlcrts  descended  the  group  of 
Fringe-fins  or  Crossopterygians.  which  were  more  distinctly 
fishlike.     From  these,  on  the  one  hand  by  continuous  special!- 
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sation  for  aquatic  life,  the  true  fishes  must  have  been  derived. 
In  the  more  primitive  of  thcee  the  air  bladder  retains  the  lung- 
like structure  characteristic  of  the  Fringe-fine.  But  in  the 
mwe  specialized  forms  this  is  reduced  to  a  sac,  at  first  with  an 
open  tube,  then  to  a  closed  sac  without  tube  in  the  adult,  and 
finally  in  very  many  of  the  true  fishes  the  air  sac  is  altogether 
lost.  On  the  other  hand,  in  the  Amphibia,  which  wore  prob- 
ably also  derived  from  the  CrosaoptcryRia.  the  »ir  bladiler  is 
more  highly  specialized,  fitting  these  animals  for  life  oulxidc 
the  water,  and  the 
fins  give  place  (o 
fingen  and  toes  as 
befitting  a  terres- 
trial habit. 

The  amphibians 
deposit  their  eg^  in 
damp  places,  and 
the  young  are 
hatcho<I  while  the 
external  gills  arc 
still  functional. 
Among  the  rci*- 
tiles,  which  mark  the  nc\t  stage  of  uditptation  for  terrestrial 
life,  the  gills  are  absorbed  b^'fore  the  animal  leaves  the  crr. 
The  reptile  is  thcrefcire  no  longer  confincil  to  the  ncighlMir- 
hood  of  the  water  for  puriMises  of  reproduction. 

The  bird,  derived  from  the  reptile,  and  at  first  distin- 
guishable solely  by  the  iK>s.session  of  feathers,  loses  later 
various  reptilian  traits  and  the  group  iH'romes  one  inhabit- 
ing the  air. 

From  the  reptiles  again  are  derived  the  lowest  mammals. 
The  Monotremc-a  of  Au.t1ralia  lay  eggs  iv*  n-ptiles  do.  these,  like 
reptiles'  eggs,  l>eing  covered  with  a  leathery  ."kin.  T\\c  higher 
mammals  hatch  the  eggs  willun  the  ImmIv.  nourish  them  with 
milk  and.  in  general,  care  fur  lliem  in  a  {legrcc  unknown  within 
the  class  of  replih's.  The  trails  of  external  hair,  warm  bliKx), 
double  circulation  of  the  hlixiil  from  and  In  a  I wo-ehamlN-nil 
heart ,  and  other  characters  <if  the  nianunals  Ix-come  ti\e<l  with 
time  and  the  group  diverges  into  a  nuiltitude  of  forms  living 
and  extinct,  the  last,  and  on  the  whole  the  most  s{x>cialized  of 
the  series  being  Homo,  the  genus  of  man. 
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The  first  traces  of  man  appear  in  the  later  geologic  times 
after  the  end  of  rtie  Tertiary,  Human  bones  liave  been  found 
in  caves  together  witli  those  of  the  cavc-lion,  cave-l>ear,  and 
other  extinct  animulx.  in  certain  lakes  in  Swit:!crland  and 
Austria  have  been  found  remains  of  |)eculiar  dwellings,  to- 
gether with  ancient  fialiing  hooks  and  a  variety  of  imple- 
ments of  stone  and  bronze.  These  houses  were  built  on  piles 
in  the  lakes,  and  connected  with  the  shore  by  picre  or  bridges. 
The  extinct  race  of  men  who  lived  in  them  is  known  as 
I^ke-<lwellers.  Relics  of  man,  es|)ccially  rough  stone  tools 
and  flint  arrow  and  axe  heads,  and  skulls  and  other  bones, 


(Aim  LeCunti 


have  ))een  found  under  circumstances  which  indicate  with 
certainty  that  man  has  existed  long  on  the  earth.  But  with 
these  relics  very  few  Iwnes  are  found.  This  has  been  ac- 
counted for  by  supiKistng  that  man  existed  in  a  few  wander- 
ing tril)Os  scattered  widely  over  Europe.  In  Java  are  found 
some  ancient  bones  of  manlike  animals  {Pilhecanlhropus) ,  dif- 
ferent, however,  from  any  species  or  race  of  men  li\'ing  to-day, 
and  showing  traits  which  indicate  a  close  relationship  with  the 
anthropoid  a|M«. 

The  time  of  historic  man — i.  e.,  the  period  which  has  elapsed 
since  the  history  of  man  can  t>e  traced  from  carvings  or  buildings 
or  «Titings  made  by  himself — is  short  indeed  compared  with 
that  of  prehistoric  man.  Barbarous  man  writes  no  history 
and  loaves  no  record  save  his  tools  and  his  bones.  Iron  and 
bronze  rust,  bones  decay,  wood  disappears.    Only  stone  im- 
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eata  remain  to  tdl  the  tale  of  primitiTe  humaiuty.  lltese 
"xt  exact  record  of  cbronology. 

of  the  actual  duration  of  man's  prehistoric  existence  we 
make  no  estimate.  Speaking  in  terms  of  the  earth's 
"',  man  is  very  recent,  the  latest  of  all  the  animals.     In 

of  the  history  of  man,  he  is  very  ancient.  The  exact 
IB  of  human  history  cover  only  the  smallest  fraction  of 

riod  of  man's  existence  on  earth. 


CHAPTER  XV 
GEOGRAPHICAL  DISTRIBUTION 

Is  not  the  biological  laboratory  which  leaves  out  the  ocean  and  the 
mountains  and  meadows  a  monstrous  absurdity?  Was  not  the  greatest 
scientific  generalization  of  your  times  reached  independently  by  two 
men  who  were  eminent  in  their  familiarity  with  li\ing  beings  in  their 
homes? — Huxley. 

TENDER  the  head  of  "Geographical  Distribution"  we  con- 
sider the  facts  of  the  diffusion  of  organisms  over  the  surface 
of  the  earth,  and  the  laws  by  which  this  diffusion  is  governed. 

The  geographical  distribution  of  animals  is  often  known  as 
"zoogeography."  In  physical  geography  we  may  prepare 
mai)s  of  the  earth  which  shall  bring  into  prominence  the 
physical  features  of  its  surface.  Such  maps  would  show  hefe 
a  sea,  here  a  plateau,  here  a  range  of  mountains,  there  a  desert, 
a  prairie,  a  peninsula,  or  an  island.  In  political  geography  the 
maps  show  the  physical  features  of  the  earth,  as  related  to  the 
states  or  powers  which  claim  the  allegiance  of  the  people.  In 
zoogeography  the  realms  of  the  earth  are  considered  in  relation 
to  the  types  or  species  of  animals  which  inhabit  them. 

Thus  a  series  of  maps  of  the  United  States  could  be  drawn 
whicli  would  show  the  gradual  disappearance  of  the  buffalo 
before  the  attacks  of  man.  Another  might  be  drawn  which 
would  show  the  present  or  past  distribution  of  the  polar  bear, 
black  bear,  and  grizzly.  Still  another  might  show  the  original 
range  of  the  wild  hares  or  rabbits  of  the  United  States,  the 
white  rabbit  of  the  Northeast,  the  cottontail  of  the  Eiast  and 
South,  the  jack  rabbit  of  the  plains,  the  snowshoe  rabbit  of 
the  ( -olumbia  River,  the  tall  jack  rabbit  of  California,  the  marsh- 
hare  of  the  South  and  the  waterhare  of  the  canebrakes,  and 
that  of  all  their  relatives.  Such  a  map  is  very  instructive,  and 
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it  at  once  raises  a  series  of  questions  as  to  the  reasons  for  each 
of  the  facte  in  geographical  distribution,  for  it  is  the  duty  of 
science  to  suppose  that  none  of  these  facts  is  arbitrary  or  mean- 
ingless.    Each  fact  has  some  good  cause  behind  it. 

It  was  this  phase  of  the  subject,  the  relation  of  species  to 
geography,  which  first  attracted  the  attention  of  both  Darwin 
and  Wallace.  Both  these  observers  noticed  that  island  life 
is  neither  strictly  like  nor  unlike  the  life  of  the  nearest  land, 
and  that  the  degree  of  difference  varies  with  the  degree  of 
isolation.  I^th  were  led  from  this  fact  to  the  thoorv  of  deriva- 
tion,  and  to  lay  the  greatest  stress  on  the  progressive  modifica- 
tion resulting  from  the  struggle  for  existence. 

In  the  voyage  of  the  Beagle  Darwin  was  brouglit  in  contact 
with  the  singular  fauna  of  the  Galapagos  Islands,  that  cluster 
of  volcanic  rocks  which  lies  in  the  open  sea  about  six  hundred 
miles  west  of  the  coasts  of  Ecuador  and  Peru.  The  sea  birds 
of  these  islands  are  essentiallv  the  same  as  those  of  tne  coast  of 
Peru.  So  with  most  of  the  fishes.  We  can  see  how  this  might 
well  he,  for  both  sea  birds  and  fishes  can  readily  pass  from  the 
one  region  to  the  other.  But  the  land  birds,  as  well  as  the 
reptiles,  insects,  and  plants,  are  largely  peculiar  to  the  islands. 
Many  of  these  species  are  found  nowhere  else.  But  other 
si)ecies  very  much  like  them  in  all  respects  are  found,  and  these 
live  along  the  coast  of  Peru.  In  the  Galapagos  Islands,  ac- 
cording to  Darwin's  notes, 

•'there  are  twenty-six  land  birds;  of  these,  t^'enty-onc,  or  perhaps 
twenty-three,  are  ranked  as  distinct  species,  and  would  be  commonly 
ussumcii  to  have  been  here  creatcjd;  yet  the  close  affinity  of  the  most 
of  these  birds  to  American  species  is  manifest  in  every  character,  in 
their  habits,  gestures,  and  tones  of  voice.  So  it  is  with  the  otlier 
animals  and  with  a  large  profxirtion  of  the  plants. 

"...  Tlie  naturalist,  looking  at  the  inhabitants  of  these  vol- 
viiiuv  islands  in  the  Pacific,  feels  that  he  is  standing  on  American  land." 

Tins  question  naturally  arises:  If  these  species  have  been 
created  as  we  find  them  on  the  Galapagos,  why  is  it  that  they 
should  all  l)e  very  similar  in  tyjx?  to  other  animals,  li\'ing  under 
whollv  different  conditions,  but  on  the  coast  not  far  awav? 
And,  again,  why  are  the  animals  and  plants  of  another  cluster 
of  volcanic  islands — the  Cape  Verde  Islands — similarly  related 
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to  those  of  the  neighboring  coast  of  Africa,  and  wholly  unlike 
those  of  the  Galapagos?  If  the  animals  were  created  to  match 
their  conditions  of  life,  then  those  of  the  Galapagos  should  be 
like  those  of  Cape  Verde,  the  two  archipelagoes  being  extremely 
alike  in  soil,  climate,  and  physical  siuroimdings.  If  the  species 
on  the  islands  are  products  of  separate  acts  of  creation,  what  is 
there  in  the  nearness  of  the  coasts  of  Africa  or  Peru  to  influence 
the  act  of  creation  so  as  to  cause  the  island  species  to  be,  a»  it 
were,  echoes  of  those  on  shore? 

If,  on  the  other  hand,  we  should  adopt  the  obvious  sug- 
gestion that  both  these  clusters  of  islands  have  been  colonized 
by  immigrants  from  the  mainland,  the  fact  of  uniformity  of 
type  is  accounted  for,  but  what  of  the  diflfcrcnce  of  si)ecies? 
If  the  change  of  conditions  from  continent  to  island  causes 
such  great  and  permanent  changes  as  to  form  new  species  from 
the  old,  why  may  not  like  changes  take  place  on  the  mainlands 
as  well  as  on  the  islands?  And  if  possible  on  the  mainland  of 
South  America,  what  evidonco  have  we  that  species  are  ix»rma- 
nent  anywhere?  May  they  not  l)e  constantly  changing?  May 
what  we  now  consider  as  distinct  s|HM'i(ns  \h*  only  the  present 
phase  in  the  clianging  history  of  the  series  of  forms  which  con- 
stitute the  si>ecies? 

The  studies  of  island  life  can  load  hut  to  one  conclusion: 
These  volcanic  islands  rose  from  the  sea  destitute  of  land  life. 
They  were  settled  by  the  waifs  of  wind  and  of  storm,  birds 
blown  from  the  shore  l)v  trade  winds,  lizards  and  ins<»cts  carrieil 
on  drift  lojjs  and  floating  veg(»tation.  Of  these  waifs  few  came 
p(*rhaps  in  any  one  year,  and  few,  i>erhaps,  of  those  who  came 
made  the  islands  their  h<)in<»:  yet,  as  the  centuries  passcni  on. 
suitable  inhabitants  were  found.  That  this  is  not  fancv  we 
know,  for  wr  hav(»  the  knowKulge  of  sfH^cific  examples  of  the 
verv  sain<*  sort.  We  know  how  many  animals  are  carriini  from 
tlu'ir  natural  homes.  Onr  example  of  this  inav  1h»  s<H*n  bv 
those  who  have  approaelied  our  eastern  shon'S  by  sea  in  tlie 
face  of  a  storm.  Many  land  ])inls — sparrows,  warblers,  chiek- 
ach^'s.  anti  evm  woodjM'ckers— an*  carried  out  by  the  wind, 
a  few  falling  exhausted  on  the  decks  of  ships,  a  tew  others  fall- 
ing on  otTsliore  islaiuls,  like  the  Herinudas.  the  remaimler 
«irownin*r  in  ihe  >ea. 

Of  the  inniiiirrants  to  the  (lalajm^os  the  niajt»rity  doubth*ss 
die  and   leave   no  .^i^n.     A   few   remain,   multiply,  and   take 
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posBesBion,  and  their  descendanto  are  thus  native  to  the 
islandB.  But,  isolated  from  the  great  mass  of  their  speriee 
and  bred  under  new  surroundings,  these  island  birds  come  to 
differ  from  their  parents,  and  still  more  from  the  great  mass 
of  the  land  species  of  which  their  ancestors  were  members. 
Separated  from  these,  their  individuality  would  manifest  itsdf. 
They  would  assume  with  new  environment  new  friends,  new 
foes,  new  conditions.  They  would  develop  qualities  peculiar 
to  themselves — qualities  intensified  by  isolation.  Local  pecu- 
liarities disappear  with  wide  association,  and  are  intensified 
when  individuals  of  similar  peculiarities  are  kept  together. 
Should  later  migrations  of  the  original  species  come  to  the 
islands,  the  individuals  surviving  would  in  time  form  new 
species,  or,  more  likely,  mixing  with  the  mass  of  those  already 
arrived,  their  special  characters  would  be  lost  in  those  of  the 
majority. 

The  Galapagos,  first  studied  by  Darwin,  serve  to  us  only  as 
an  illustration.  The  same  problems  come  up,  in  one  guise  or 
another,  in  all  questions  of  geographical  distribution,  whether 
on  continent  or  island.  The  relation  of  the  fauna  of  one  region 
to  that  of  another  depends  on  the  ease  with  which  barriers  may 
be  crossed.  Distinctness  is  in  direct  projwrtion  to  isolation. 
What  is  true  in  this  regard  of  the  fauna  of  any  region  as  a  whole, 
is  likewise  true  of  any  of  its  individual  species.  The  degree  of 
resemblance  among  individuals  is  in  direct  proportion  to  the 
freedom  of  their  movements,  and  variations  within  what  we 
call  s{x^cific  limits  is  again  proportionate  to  the  barriers  which 
prevent  eciual  and  |)erfect  diffusion. 

Tlie  laws  governing  the  distribution  of  animals  are  reducible 
to  three  very  simple  propositions.  Kvery  si)ecies  of  animal  is 
found  in  every  part  of  the  earth  having  conditions  suitable  for 
its  maintenance  unU^ss: 

(a)  Its  iiulivi(hials  have  l>een  unable  to  reach  this  region, 
through  harriers  of  some  sort :  or. 

(h)  Having  reuchinl  it,  the  s])ecies  is  unable  to  maintain 
itself,  through  hick  of  capacity  for  adaptation,  through  severity 
of  com|x»tition  with  other  forms,  or  through  destructive  con- 
dition of  enviroiuiu*iit :  or, 

'  >  Having  entcTinl  jind  maintaintHl  its<4f.  it  has  become 
red  in  the  process  of  adaptation  as  to  l)ecome  a  species 
.  from  the  original  tyi)e. 
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As  examples  of  the  first  class  we  may  take  the  absence  of 
kingbirds  or  meadow  larks  or  coyotes  in  Europe,  the  absence 
of  the  lion  and  tiger  in  South  America,  the  absence  of  the  civet 
cat  in  New  York,  and  that  of  the  boboUnk  or  the  Chinese  fly- 
ing fox  in  California.  In  each  of  these  cases  there  is  no  evident 
reason  why  the  species  in  question  should  not  maintain  itself 
if  once  introduced.  The  fact  that  it  does  not  exist  is,  in  general, 
an  evidence  that  it  has  never  passed  the  barriers  which  separate 
the  region  in  question  from  its  original  home. 

I/>cal  illustrations  of  the  same  kind  may  be  foimd  in  moun- 
tainous regions.  In  the  Yosemite  Valley  in  California,  for  ex- 
ample, the  trout  ascend  the  Merced  River  to  the  base  of  the 
Vernal  fall.  They  cannot  rise  above  this  and  bo  the  streams 
and  lakes  above  this  fall  are  destitute  of  fish. 

Examples  of  the  second  class  are  seen  in  animals  that  man 
has  introduced  from  one  country  to  another.  The  nightingale, 
the  starling,  and  the  skylark  of  Europe  have  been  repeatedly 
set  free  in  the  United  States,  But  none  of  these  colonies  has 
long  endured ;  perhaps  from  lack  of  adaptation  to  the  climate, 
perhaps  from  severity  of  competition  with  other  birds,  most 
likely  because  the  few  individuals  become  so  widely  scattered 
that  they  do  not  find  one  another  at  mating  time.  In  other 
cases  the  introduced  species  has  been  better  fitted  for  the  con- 
ditions of  life  than  the  native  forms  themselves,  and  so  has 
gradually  crowded  out  the  latter.  Both  these  cases  are  il- 
lustrated among  the  rats.  The  black  rat  (Mtis  ratlm),  first 
introduced  into  America  from  Europe  about  1544,  tended  to 
crowd  out  the  native  wild  rats  (Sigmadon),  while  the  brown  rat 
(Mus  decHtnantis),  brought  in  still  later,  almut  1775,  in  turn 
practically  exterminated  the  black  rat,  its  fitness  for  the  con- 
ditions of  life  here  being  greater  than  that  of  the  other  European 
S|>eoies. 

Of  the  third  class,  or  species  altered  in  a  new  environment, 
examples  are  numerous,  but  in  most  cases  the  causes  involved 
can  only  be  inferred  from  their  effects.  One  class  of  illustra- 
tions may  l>e  taken  from  island  faunas.  An  isLind  is  set  off 
from  (he  mainland  by  barriers  wliich  species  of  land  animals 
can  very  rarely  cross.  On  an  island  a  few  waifs  may  maintain 
thenirtelves,  increasing  in  numbers  so  as  to  occupy  the  territory, 
but  in  .xo  doing  only  those  kinds  will  survive  that  cjin  fit  them- 
selves to  the  new  conditions.    Through  this  process  new  sjiccics 
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will  be  formed,  like  the  parent  species  in  general  structure,  but 
having  gained  new  traits  adjusted  to  the  new  environment. 

To  processes  of  this  kind,  on  a  larger  or  smaller  scale,  the 
variety  in  the  animal  life  of  the  globe  must  be  largely  due. 
Isolation  and  adaptation  through  selection  probably  give  the 
clew  to  the  formation  of  a  very  large  proportion  of  the  ^new 
species"  in  any  group. 

It  will  be  thus  seen  that  geographical  distribution  is  primar- 
ily dependent  on  barriers  or  checks  to  the  movement  of  animals. 
The  obstacles  met  in  the  spread  of  animals  determine  the 
limits  of  the  species.  Each  species  broadens  its  range  as  far 
as  it  can.  It  attempts,  unwittingly,  of  course,  through  natural 
processes  of  increase,  to  overcome  the  obstacles  of  ocean  and 
river,  of  mountain  or  plain,  of  woodland  or  prairie  or  desert,  of 
odd  or  heat,  of  lack  of  food,  or  abundance  of  enemies — ^what- 
ever the  barriers  may  be.  Were  it  not  for  these  barriers,  each 
type  or  species  would  become  cosmopolitan  or  universal. 

Man  b  preeminently  a  barrier-crossing  animal;  hence,  in 
different  races  or  species,  man  is  found  in  all  regions  where 
human  life  is  pos8ii)lo.  The  different  races  of  men,  however, 
find  checks  and  barriers  ontirolv  similar  in   nature  to  tho^e 

• 

experienced  by  the  lower  animals,  and  the  race  [)eculiaritie8 
are  wholly  similar  to  characters  accjuircMi  by  new  species  under 
adaptation  to  changed  conditions.  The  degree  of  hindrance 
offered  by  any  harrier  differs  with  the  nature  of  the  species 
trying  to  surmount  it.  That  which  constitutes  an  impassable 
obstacle  to  one  form  may  be  a  great  aid  to  another.  The  river 
which  blocks  the  monkey  or  the  cat  is  the  highway  of  the  fish 
or  the  turtle.  The  waterfall  which  limits  the  ascent  of  the  fish 
is  the  choscm  home  of  the  ouzel.  The  mountain  barrier  which 
the  bobolink  or  the  prairie  dog  does  not  cross  may  l)e  the  center 
of  distributicm  of  the  Httle  chief  hare  or  the  Arctic  bluehinl. 

Tlie  term  fauna  is  appli^nl  to  the  aniumls  of  any  region 
consi<lere<l  collectively.  Thus  the  fauna  of  Illinois  comprises 
the  entire  list  of  animals  found  natunillv  in  that  State.  It 
includes  the  alx)riginal  man,  the  black  lH*ar,  the  fox,  and  all  its 
animal  life  down  to  tht*  AmulHi  antl  the  n)i<TolH*  of  malaria. 
The  relation  of  the  fauna  of  on(»  region  to  that  (»f  another  de- 
p(*nds  on  th(»  ease  with  which  barriers  may  Ih'  itossihL  Tlius 
the  fatuia  of  Illinois  (liff(>rs  litth^  from  that  of  Indiana  or  Iowa, 
becaasc*  the  State  contains  no  harriers  that  animals  mav  not 
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ri'inlily  ]i!iss.  On  itii-  oilur  tiiiinl.  tlic  fauna  iif  Califuriiia  or 
Culunnlii  ilitTiTs  niiilcriiilly  from  ilial  of  iIk-  iidjiiiniiif;  rcKioiis, 
Imtjiusi'    iIii'    moiinlEiiiioiis  i-imiilrv   is  full   iil'   liarrirrs   wliicli 
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of  resemolance  among  individuals  is  in  strict  proportion  to  the 
freedom  of  their  movements.  Variation  within  the  limits  of 
a  species  is  again  proportionate  to  the  barriers  which  prevent 
equal  and  free  diffusion. 

The  various  divisions  or  realms  into  which  the  land  surface 
of  the  earth  may  be  divided,  on  the  basis  of  the  character  of  the 
animal  life,  have  their  boundary  in  the  obstacles  offered  to  the 
spread  of  the  average  animal.  In  spite  of  great  inequalities 
in  this  regard,  we  may  yet  roughly  divide  the  land  of  the  globe 
into  seven  principal  realms  or  areas  of  distribution,  each  limited 
by  barriers,  of  which  the  chief  are  the  presence  of  the  sea  and 
the  occurrence  of  frost.  There  are  the  Arctic,  North  Tem- 
perate, South  American,  Indo-African,  Patagonian,  I^emurian, 
and  Australian  realms.  Of  these  the  Australian  realm  alone  is 
sharply  defined.  Most  of  the  others  are  surroimded  by  a  broad 
fringe  of  debatable  ground  that  forms  a  transition  to  some 
other  zone. 

The  Arctic  realm  includes  all  the  land  area  north  of  the 
isotherm  32°.  Its  southern  boundary  corresponds  closely  with 
the  northern  limit  of  trees.  Tlie  faima  of  this  region  is  very 
homogeneous.  It  is  not  rich  in  six^cies,  most  of  the  common 
types  of  life  of  warmer  regions  l)eing  excluded  by  the  cold. 
Among  the  large  animals  are  the  iwlar  l)ear,  the  walrus,  and 
certain  8i)ecie8  of  "ice-riding"  seals.  There  are  a  few  si>ecies 
of  fishes,  mostly  trout  and  sculpins,  and  a  few  insects;  some  of 
these,  as  the  moscjuito,  are  excessively  numerous  in  individuals. 
Reptiles  are  absent  from  this  region  and  many  of  its  birds 
migrate  southward  in  the  winter,  finding  in  the  Arctic  their 
breeding  homes  only.  When  we  consider  the  distribution  of 
insects  and  other  small  animals  of  \\'u\o  diffusion  we  must  add 
to  the  Arctic  realm  all  high  mountains  of  other  realms  whose 
smnmits  rise  above  the  timl)er  line.  The  charact eristic  large 
animals  of  the  Arctic,  as  the  |X)hir  lH»ar  or  the  musk-ox  or  the 
reind(MT.  are  not  found  on  tlie  mountain  tops  l)i*caus€»  Imrriers 
shut  them  off.  Hut  the  Alpine  flora,  even  U!»der  the  etjuator, 
ma\  Ih»  charact eristicallv  arctic,  and  with  the  flowers  of  the 
north  may  1h»  found  th<»  northern  insects  on  whost*  presenile 
the  llow«Ts  de|H*nd  for  tlieir  f«'rtilization  and  whi<*h  in  turn 
de|HMid  on  these  for  th«»ir  f<M>d.  i'Ni  f:ir  as  climate  is  eoncermnl, 
high  ahitude  is  <M|uivah'nt  to  hi^h  latitude.  On  certain 
mountains  the  different  zones  of  altitude  and  the  corresponding 
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zones  of  plant  and  animal  life  are  very  sharply  defined.  Ex- 
cellent illustrations  are  found  in  the  San  Francisco  peaks  of 
Arizona  and  Mt.  Orizaba  in  Mexico. 

The  North  TeniiK»rate  or  holarctic  realm  comprises  all  the 
land  between  the  northern  limit  of  trees  and  the  southern  limit 
of  forests.  It  includes,  therefore,  nearly  the  whole  of  Europe, 
most  of  Asia,  and  the  most  of  North  America.  While  there  are 
large  diflferences  between  the  fauna  of  North  America  and  that 
of  EuroiH*  and  Asia,  these  differences  are  of  minor  importance, 
and  are  scarcely  greater  in  any  case  than  the  difference  between 
the  fauna  of  California  and  that  of  our  Atlantic  coast.  The 
close  union  of  Alaska  with  Siberia  gives  the  Arctic  region  an 
almost  continuous  land  area  from  Greenland  to  the  westward 
around  to  Norway.  To  the  south  everywhere  in  the  temperate 
zone  realm,  the  si)ecies  increase  in  number  and  variety,  and 
the  diflferences  l)etween  the  fauna  of  North  America  and  that  of 
Euro|)e  are  due  in  part  to  the  northward  extension  in  the  one 
and  the  other  of  types  originating  in  the  tropics. 

Especially  is  this  true  of  certain  of  the  dominant  types  of 
singing  birds.  The  group  of  wood- warblers,  tanagers,  American 
orioles,  vireos,  mocking  birds,  with  the  fly-catchers  and  hum- 
ming birds  so  characteristic  of  our  forests,  are  unrepresented  in 
Europe.  All  of  them  are  apparently  immigrants  from  the 
neotropical  realm  where  nearly  all  of  them  spend  the  winter. 
In  the  same  way  Central  Asia  has  many  immigrants  from  the 
Indian  realm  which  Ues  to  the  southward.  With  all  these 
variations  there  is  an  essential  unity  of  life  over  this  vast  area, 
and  the  recognition  of  North  America  as  a  separate  (nearctic) 
realm,  which  some  writers  have  attempted,  seems  hardly 
necessary. 

Alfred  Russell  Wallace  refers  to  this  unity  of  northern  life 
in  these  words: 

*'  When  an  Kii^Iiflhrnan  travels  on  the  nearest  sea  route  from  Great 
Britain  to  Northern  Japan,  he  passes  countries  very  unlike  his  own 
both  in  a8|)e('t  and  in  natural  productions.  The  sunny  isles  of  the 
Mediterranean,  the  sands  and  date  palms  of  Egypt,  the  arid  rooks  of 
Aden,  the  cocoa  groves  of  Ceylon,  the  tiger-haunted  jungles  of  Malacca 
and  Singapore,  the  fertile  plains  and  volcanic  peaks  of  Luzon,  the 
forest-clad  mountains  of  Formosa,  the  bare  hills  of  China  pass  suc- 
cessively in  review,  until  after  a  circuitous  journey  of  thirteen  thousand 
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milen,  lie  Hnds  himself  at  Hakndate,  in  Japan.  He  is  now  f>p|Miratr<l 
Trom  hia  et-artinic  point  by  an  almost  cndlt-aa  fiiirrowion  of  plaina  arHl 
moutitaina,  arid  dewrls  or  ii  y  jilateaiu;  yet,  when  he  viaits  the  int«rior 
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of  the  country,  he  sees  so  many  familiar  natural  objects  that  he  can 
hardly  help  fancying  he  is  close  to  his  home.  He  finds  the  woods  and 
fields  tenanted  by  tits,  hedge  sparrows,  wrens,  wagtails,  larks,  red- 
breasts, thrushes,  buntings,  and  house  sparrows;  some  absolutely 
identical  with  our  own  feathered  friends,  others  so  closely  resembling 
them  that  it  requires  a  practised  omitholo^st  to  tell  the  difference. 
.  .  .  There  are  also,  of  course,  many  birds  and  insects  which  are 
quite  new  and  |)eculiar,  but  these  are  by  no  means  so  numerous  or 
conspicuous  as  to  remove  the  general  impression  of  a  wonderful 
resemblance  between  the  productions  of  such  remote  islands  as  Britain 
and  Yezo."    (Island  Life.) 

A  journey  to  the  southward  from  Britain  or  Japan  or 
Illinois,  or  any  point  within  the  holarctic  realm,  would  show 
the  successive  changes  in  the  character  of  life  though  gradual, 
to  be  still  more  rapid.  The  barrier  of  frost  which  keeps  the 
fauna  of  the  tropics  from  encroaching  on  the  northern  regions 
once  crossed,  we  come  to  the  multitude  of  animals  whose  life 
depends  on  sunshine,  the  characteristic  forms  of  the  neo- 
tropical realm. 

The  neotropical,  or  South  American  realm,  includes  South 
America,  the  West  Indies,  the  hot  coast  lands  (Tierra  Caliente) 
of  Mexico,  and  those  parts  of  Florida  and  Texas  where  frost 
does  not  occur.  Its  boundaries  through  Mexico  are  not  sharply 
defined,  and  there  is  much  overlapping  of  the  north  temperate 
realm  along  its  northern  limit.  Its  birds,  especially,  range 
widely  through  the  United  States  in  the  summer  migrations,  and 
a  large  part  of  them  find  in  the  North  their  breeding  home. 
Southward,  the  broad  barrier  of  the  two  oceans  keeps  the 
South  American  faima  very  distinct  from  that  of  Australia  or 
Africa.  The  neotropical  faima  is  the  richest  of  all  in  species. 
The  great  forests  of  the  Amazon  are  the  treasure  houses  of  the 
naturalists.  Characteristic  types  among  the  larger  animals 
are  the  broad-nosed  (platyrrhine)  monkeys,  which  in  many 
ways  arc  distinct  from  the  monkeys  and  apes  of  the  Old  World. 
In  many  of  them  the  tip  of  the  tail  is  higlily  specialized  and  is 
used  Jis  a  hand.  The  Fxlentates  (armadillos,  ant-eaters,  etc.) 
are  cluiracteristically  South  American,  and  there  are  many 
I)eculiar  tyix»8  of  birds,  reptiles,  fishes,  and  insects. 

The  I ndo- African  or  paleotropical  realm  corresix)nds  to 
the  neotropical  realm  in  position.     It  includes  the  great  part 
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of  Africa,  merging  gradually  northward  into  the  north  temper- 
ate realm  through  the  transition  districts  which  border  the 
Mediterranean.  It  includes  also  Arabia,  India,  and  the  neigh- 
boring islands,  all  that  part  of  Asia  south  of  the  limit  of  frost. 
In  monkeys,  camivora,  ungulates,  and  reptiles  this  region  is 
wonderfully  rich.  In  variety  of  birds,  fishes,  and  insects  the 
neotropical  realm  exceeds  it.  The  monkeys  of  this  district 
are  all  of  the  narrow-nosed  (catarrhine)  type,  various  forms 
being  much  more  nearly  related  to  man  than  is  the  case  with 
the  peculiar  monkeys  of  South  America.  Some  of  these 
(anthropoid  apes)  have  much  in  common  with  man.  To  this 
region  belong  the  elephant,  the  rhinoceros,  and  the  hippopot- 
amus, as  well  as  the  tiger,  lion,  leopard,  giraffe,  the  wild  asses, 
and  horses  of  various  species,  besides  a  large  number  of  rumi- 
nant animals  not  foimd  in  other  parts  of  the  world.  It  is,  in 
fact,  in  the  lower  mammals  and  reptiles  that  its  most  striking 
distinctive  characters  are  found.  In  its  fish  fauna  it  has  much 
in  common  with  South  America. 

The  liCmurian  realm  comprises  Madagascar  alone.  It  is 
an  isolated  division  of  the  Indo- African  roaltn,  but  the  presence 
of  many  species  of  lemurs — an  unsi)ocialize(l  or  primitive  tyjie 
of  monkey — is  held  to  justify  its  recognition  as  a  distinct  realm. 
In  most  other  groups  of  animals  the  fauna  of  Madagascar  is 
essentially  that  of  neiglil)oring  parts  of  Africa. 

The  Patagonian  realm  includes  the  south  temi)erate  zone 
of  South  America.  It  has  much  in  common  with  the  neo- 
tropical realm  from  which  its  fauna  is  mainly  derivtHl,  but  the 
presence  of  frost  is  a  harrier  which  vast  nunilx^rs  of  species  can- 
not crass.  Ik»yon(l  the  Patagonian  realm  lies  the  Antarctic 
continent.  The  scanty  fauna  of  this  n*pion  is  little  known, 
and  it  probably  <iiflfers  from  the  Patajronian  fauna  chiefly  in 
the  abs<MHM»  of  all  but  the  icc^riding  s|HM*irs. 

The  .Viistralian  realm  comprisrs  Australia  and  neighl><>ring 
islands.  It  is  more  isolated  than  any  of  the  others,  having 
lK»en  pn)t(M*te(i  by  the  .sea  from  the  invasions  of  the  character- 
i.stic  animals  of  the  Indo-African  and  t<Mn|HTate  realms.  It 
shows  a  singular  jHTsisteiice  of  low  or  primitive  tyi)es  of  ver- 
li»brat(»  life,  as  though  in  the  pnxTss  «>f  t'Voluti(m  the  region 
ha<l  Ih^'U  left  a  whoU*  pMiln^ic  ap»  U'liiiul.  If  the  comi>eting 
faunas  of  Africa  and  India  <'oiild  have  Uvn  able  to  invade 
Australia,  the  dominant   mammals  and  birds  of  that  region 
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would  not  have  been  left  as  they  are  now — marsupials  and 
parrots. 

It  is  only  when  barriers  have  shut  out  competition  that 
simple  or  unspeciahzed  types  abound.  The  larger  the  land 
area  and  the  more  varied  its  surface,  the  greater  is  the  stress 
of  competition  and  the  more  specialized  are  the  characteristic 
forms.  As  part  of  this  specialization  is  in  the  direction  of 
hardiness  and  ix)wer  to  persist,  the  species  from  the  large  areas, 
as  a  whole,  are  least  easy  of  extermination.  The  rapid  multi- 
plication of  rabbits  and  foxes  in  Australia,  when  introduced 
by  the  hand  of  man,  shows  what  might  have  taken  place  in  this 
country  had  not  impassable  barriers  of  ocean  shut  them  out. 

p]ach  of  these  great  realms  may  be  indefinitely  sulxlivided 
into  provinces  and  sections,  for  there  is  no  end  to  the  possi- 
bility of  analysis.  No  farm  has  exactly  the  same  animals  or 
plants  as  any  other,  as  finally  in  ultimate  analysis  we  find  that 
no  two  animals  or  plants  are  exactly  aUke.  Shut  off  one  pair 
of  animals  from  the  others  of  its  species,  and  its  descendants 
will  differ  from  the  parent  stock.  The  difference  increases 
with  time  and  with  distance  so  long  as  the  separation  is  main- 
tained. Hence  new  species  and  new  fauna  or  aggregations  of 
species  are  produced  wherever  free  diffusion  is  checked  by  any 
kind  of  barrier. 

In  like  manner,  we  may  divide  the  ocean  into  faunal  areas 
or  zones,  according  to  the  distribution  of  its  animals.  For 
this  purpose  the  fishes  probably  furnish  the  best  indications, 
although  results  very  similar  are  obtained  when  we  consider 
the  mollusks  or  the  Crustacea. 

The  |x»lagic  fishes  are  those  which  inhabit  the  open  sea, 
swimming  near  the  surface,  and  often  in  great  schools.  Such 
forms  are  usually  confined  to  the  warmer  waters.  They  are  for 
the  most  part  predatory  fishes,  strong  swimmers,  and  many 
of  the  specii*s  are  found  in  all  warm  seas.  Most  species  have 
special  homing  waters,  to  which  they  repair  in  the  spawning 
season.  To  the  free-s^\'imming  forms  of  invertebrates  and 
protozoa,  found  in  the  open  ocean,  the  name  Plankton  is  ap- 
plied. 

The  bassalian  fauna,  or  deep-sea  fauna,  is  composed  00 
species  inhabiting  great  depths  (from  2,500  to  25,000  feet)  in 
the  soa.     At  a  short  distance  l)elow  the  surface  the  change  in 
temiwrature  from  day  to  night  is  no  longer  felt.     At  a  still 
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r  (Irpth  thoro  is  no  (iiffercnpp  hetweon  winter  and  h 

■  Btill  liiwr^r  iKiiit'  Iwlwtvn  <luy  nml  iiiiiht,     Tlic  liwwalijU^ 

inhabit  ii  wnum  of  prat  coUi  ami  inky  liarknew.     Tliri 

H  are  siilijccliil  in  j!rcnl    prcw-stin-,  iiml  lU«  tnmlili" 

are  practically  unvarying.     There  in.  ihorffore.  among  tiiei   _ 

nigratiun,  no  Hi'awjiuil  change,  no  Htmwniug  tteoaon  iixrd  I 

outride  conditions,  and  no  nevd  of  adaptation  to  varyii^ 

vironment.     As  a  result,  all  are  iiniform   indifco-blaek   or 

rpl«*  in  color,  and  all  nhow  more  or  less  ilegcncration  in  thoiw 

uiracters  associated  with  ordinary  environment.     Their  bodies 

'  elongate,  from  the  lack  of  specialization  in  the  vertelH«. 

)  flesh,  being  held  in  place  by  the  great  pressure  of  the 

.cer,  is  soft  and  fragile.     The  organs  of  touch  are  often  hij^jr 

eloped.     The  eye  is  either  exceemvely  large,  aa  if  to  catdi 

slightest  ray  of  light,  or  else  it  is  undeveloped,  as  if  tbe 

had  abandoned  the  effort  to  see.     In  many  cases  luminous 

jts  or  lanterns  are  developed  by  which  the  fish  may  see  to 

guide  its  way,  and  in  some  forms  these  shining  appendages 

are  highly  developed.     In  one  form  {Mtkoprora)  a  luminous 

body  covers  the  end  of  the  nose,  like  the  headlight  of  an  engine. 

Uany  of  these  species  have  excessively  large  teeth,  and  some 

have  been  known   to  swallow  animals  actually   larger   than 

themselves.     Those  which  have  lantcrnlike  spots  have  alwaj-s 

large  eyes. 

The  deep-sea  fishes,  however  fantastic,  have  all  near  rela- 
tives among  the  shore  forma.  Most  of  ilicm  are  degenerate 
representatives  of  well-known  typos — for  example,  of  eels,  cod, 
smelt,  grenadiers,  sculpin,  and  flounders.  The  deep-sea  crus- 
taceans and  mollusks  are  similarly  related  to  .'ihore  forms. 

The  third  great  sulxlivision  of  marine  animals  is  the  littoral 
or  shore  group,  those  living  in  water  of  miMlerate  depth,  ne^■er 
venturing  far  into  the  ojjen  sea  either  at  the  surface  or  in  the 
depths.  This  group  shades  into  both  the  preceding.  The 
individuals  of  some  of  the  speries  are  excessively  local,  remain- 
ing their  life  long  in  tide  i>ools  or  coral  reefs  or  piles  of  rock. 
Others  venture  far  from  home,  U'enming  more  or  less  pelagic. 
Still  others  ascend  rivers  eitl.er  to  spawn  (anadromous,  as  the 
salmon,  shad,  and  strlix-d  bass),  or  fur  puriwises  of  feeding,  as 
the  rnlwilo,  eorvina.  and  other  shore  tishcM  of  the  tropics. 
Some  live  among  rocks  alone,  some  in  wmwi-ed.  some  on  sandy 
shores,  some  in  the  surf,  and  some  only  in  sheltered  lagoons. 
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111  nil  sons  thorc  an-  fiMhcs  and  othnr  nmrinp  aninmlN,  and  each 
(Tcahirc  liaiin(s  tlic  placrs  for  wlurh  it  ia  fitted. 

'I'lirrc  is  tlic  <'l()wst  i>ossil)U^  atuilofEy  Ix-twpcn  ihc  variations 
of  is|K'di's  of  aiiiiimls  or  plaiKs  in  ilifTercnt  diutricttt  and  that  of 
words  ill  diFforeiit  languages.  Tlic  language  of  any  people  is 
not  a  unit.  .It  ia  made  up  of  wonis  which  have  at  various 
times  and  under  various  eonilitions  eomc  into  it  from  the  speech 
of  other  ixKiple.  The  grammar  of  a  language  is  an  expression 
of  the  mulual  relations  of  those  words.  The  wonl  as  it  exists 
in  any  one  longiiagf  represents  the  Hpecioa.  Its  cognate  or  its 
ancestor  in  any  other  language  is  a  related  species.  The  words 
used  in  a  given  district  at  any  one  time  constitute  its  philo- 
logical fauna.  There  is  a  struggle  for  existence  l>etween  words 
as  among  animals.  I'or  example  the  words  begin  and  commence, 
shake  and  (tgilale,  v-ork  and  operate  (Saxon  and  French)  are  in 
the  Knglish  language  constantly  brought  into  competition. 
The  fittest,  the  one  that  suits  Knglish  purposes  !)cst,  wiQ  at 
last  survive.  If  lx)th  have  elements  of  fitness,  the  field  will 
l)e  divided  l)etween  them.  The  silent  letters  in  words  tell  their 
past  history,  as  rudimentary  organs  tell  what  an  animal's 
ancestry  has  Ix'cn.  This  analogy,  of  course,  is  not  perfect  in 
all  regarils,  as  the  |>as.sing  of  the  words  from  mouth  to  mouth 
is  not  rigidly  comparable  with  the  gencratitm  of  animals. 

We  may  illustrate  the  formation  of  H|)erie3  of  animals  by 
following  any  widely  use<l  word  across  Kun>))e.  Thus  the 
Greek  axlcr  iKH-omes  in  l.alin  ami  Italian  slelia;  whence  the 
[Spanish  cstrclta  and  the  I'Veiich  ctoile.  In  Germany  it  becomes 
Stern,  in  Dani.-^li  Sljirn;  whence  the  Scottish  starn  and  English 
star. 

In  like  manner,  the  name  cherry  may  1)6  traced  from  country 
to  I'ouniry  lo  which  it  has  been  taken  in  cultivation.  Its  Greek 
name.  A-coj.v-'w.  iH-comcs  cernsiis.  ciresia,  cerixo,  cereao,  cfrise, 
among  the  l.alin  nations.  This  word  is  shortened  to  Kirach 
and  Kirs  with  the  jK'ople  of  the  Xorth.  In  England,  cherya, 
rhirrij,  are  (il)vi(msly  derived  from  cirise. 

Tlic  study  of  a  fauna  or  a  flora  as  a  whole  is  thus  analogous 
to  the  study  iif  a  living  language.  The  evolution  of  a  language 
lorris ponds  lo  ilie  liisiory  of  the  life  of  some  region.  I'hilologj', 
systcnmtic  zoiilogy,  and  Initany  are  alike  intimately  related  to 
gcojrriiiijiy.  Tlie  parallelism  Ix'tween  speech  districts  and 
faiiiKil  districts  has  been  many  times  noted.     The  spread  of  a 
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laafrusge,  Ukf>  tlie  eprrad  of  n  fauna,  is  limilMl  hy  natunU 

l)arntT!>.     U  '»  Ttu'  work  of  dvilizalion  to  I>r«-Jik  ttown  tbnw 

barriprs  3«   limiting  the  rlislrilxitiou  of  civilized  nuui.     T)j« 

dominant  luiitfu^'^  crcKM  thrsn  barriers  with  tdc  nimt  itf  nuui 

who  u>ip  ttii'iii.  ntiil  uilli  tlicin  go  the  tlnniivtiratttl  aninuUs 

■"''   ijLmti  and   tliL'   \SL-fii=  und  VLriniu  imiri  has   bruughl  lin- 

gly  into  relations  of  domination. 

loe  profitable  study  of  the  problems  of  geographical  dis- 

imtion  is  possible  only  on  the  theory  of  the  derivation  of 

"ies.     If  we  view  all  animals  and  plants  as  the  results  of  spe- 

reations  in  the  regions  assigned  to  them,  we  have  instead 

m  only  a  jumble  of  artritrary  and  meaningless  facts.     In 

-xperience  with  the  facts  of  science  we  have  learned  that 

A  is  arbitrary  or  meaningless.     We  know  no  facts  which 

vond  the  re^m  of  law.     We  may  close  with  the  language 

.Gray: 

"When  we  feather  into  one  line  the  several  threads  of  evidence  of 
tlua  Bort  we  find  that  they  lead  in  the  same  direciian  with  the  views 
fumiflbed  by  other  linoa  of  invest  ifrat ion.  Slender  in<lee<l  eai-h  thread 
may  be,  but  they  are  manifold,  and  tofrcther  they  bind  us  fimily  lo 
the  doctrine  of  the  derivation  of  species." 


CHAITER  XVI 
ADAPTATIONS 

It  is  a  wise  provision  of  nature  that  trees  shall  not  grow  up  into 

thr  skv. — (lOETHE. 

m 

Thk  adaptation  of  every  species  of  animal  and  plant  to  its 
environment  is  a  matter  of  everyday  obscTvation.  So  perfect 
is  this  adaptation  in  its  details  that  its  main  facts  tend  to 
esca|K»  our  notice.  The  animal  is  fittcti  to  the  air  it  breathes, 
the  water  it  drinks,  the  food  it  finds,  the  climate  it  endures, 
the  region  which  it  inhabits.  All  its  organs  arc  fitted  to  its 
functions:  all  its  functions  to  its  environment.  Organs  and 
functions  are  alike  spoken  of  in  a  half-figurative  way  as  con- 
cessions to  environment.  And  all  structures  and  powers  are 
in  this  s<*nse  concessions,  in  another  sense,  adaptations.  As 
the  loaf  is  fitted  to  the  pan.  or  the  river  to  its  bed,  so  is  each 
species  fitted  to  its  surroundings.  If  it  were  not  so  fitted,  it 
would  not  live.  But  such  fitness  on  the  vital  side  leaves  large 
room  for  varietv  in  characters  not  essential  to  the  life  of  the 
animal.  Thus  we  ascriln?  nonessential  characters  to  variation, 
pr(»s(Tvo(l  by  lieredity  and  guarded  by  isolation.  Vital  or 
adapt iv(»  characters  originate  in  the  same  way,  but  these  are 
preserved  in  heredity  and  guarded  and  intensified  by  selection. 

The  strife  for  place  in  the  crowd  of  animals  makes  it  neces- 
sary for  each  one  to  adjust  itiiielf  to  the  place  it  holds.  As  the 
individual  In^comes  fitted  to  its  condition,  so  must  the  species 
as  a  whole.  The  sjx^cies  is  tlierefore  made  up  of  indi^idual8 
that  are  fitted  or  may  l)ecome  fitted  for  the  conditions  of  life. 
As  the  stn*ss  of  existence  Iwcomes  more  severe,  the  indi^iduals 
fit  to  continue  the  s|)ecies  are  chosen  more  closely.  This  choice 
is  the  automatic  work  of  the  conditions  of  Hfe,  but  it  is  none 
the  less  effective  in  its  operations,  and  in  the  course  of  centuries 
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it  may  Ix*  conaidpmi  iincrrinj;.  When  <iniiliti(Hw  rliaiijH*.  the 
perfootion  nf  lulaiHution  in  ;i  spctii-s  may  he  ilic  ciiiisr  «if  its 
extinction.  If  tho  iiMtl  nf  .1  siH-ciiil  IiIiu'sh  t-iinnot  1h'  iiift, 
immedialrly  the  sppcics  will  iiisii|i|)i-ur.  I'lir  cxaiiiplo,  tlu* 
native  wlipop  of  Kntclnml  huvr  ili'vcloiii-fl  Ji  lunn  wnul  fittc*!  to 
protnct  them  in  a  cool,  dntnp  cliniiilr.  Siii')i  r^in-rp.  lrnn!<r(Tn'i] 
to  Cubii.  died  in  a  shitrt  time,  leaving  i\n  <!<'sccndjints.  The 
warm  flwcc,  m  ii.-*<'fiil  in  Kii^1:ind,  n-ndrnil  iIk-iii  wlmlly  iiiitit 


for  Siirviviit  in  tin-  Ircpii's.  I1  i-  <m\'-  :,.\\:,\:I:i'^--  .-i  iumii.  ;is 
coniiwiri'd  Willi  hiIht  fi.nns  m"  lii'r.  rl.^it  -1  rn:ii:\  ..i'  i.i-  ;i.l.i;.t;i- 
tiiins  arc  t'XtiTiial  In  liis  >tni('tiii'<'.  jiid  'mh  In-  ,-:im  a~i'li-  wl.i'ii 
npM'.isiiy  arise.-. 

Tll<-  Cf^al  fart  nf  ii:iliin-  U  adaptati..n,  li'H  uhil.-  -.■ii,t;.| 
adaplfilii.Ti  in  widi^pn-ad  i-iiniiiii..ii-  i-  niiiMr-^M.  lii.r.-  .ai-t 
alHi)  u  iMiiliilifli'  ainl  variftv*  nt'  -TH'ii.il  ..liah'.^Tinn.  ijniii:; 
orpaiii-ni-:    li)    -i-Tial    i-.-iidiiinn-.     T!..--    -■■1.;.;    :i.i,iM:ii  ii.t:- 

Urn-Sl  nilr.-illi'lili.m  l..:i  iir.-al.'l  iI.'L'mi' I  ■  :,]■  :■.  |..  :;,l  :,.lai.t;,li..;i- 

Itccaii-.'  \),.-\    fiiMLi-lj   r! Ii'iii.'iii   Ml   .■..,:^-::.-  . 

Tin-  van-.i.-^  ly|H-  ,.(  -|„.,ial  a.ia...a. :...-  M,:,-,  !..■  „.-,..^uU 
divid.'d  iht.>  liw  cb.-...  ;,-  |,.ll,m-:  ,,n   I,.,,.!-,.,  m  in- .  ,'..  .-.If- 
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(iifiTisi-;  fr)  licfonsc  of  vouiir;  (rf)  rivalry;  (c)  adjuntment  to 
sum  mm  lings. 

I\ir  the  ptirposr  of  cuidiirc  of  Ibcir  prey,  most  cartiivoroua 
iiEiiitukls  an;  provitU-d  with  stninf;  <'lawK.  Hliurp  teeth,  hooked 
Iwiiks,  and  other  structures  familiar  to  us  in  the  lion,  tiger, 
dog.  cat,  owl,  and  eagle.  Insect-eating  niammals  have  con- 
trivances esjx'cially  adapted  for  tlic  catching  of  insects.  The 
iint-ciitcr.  for  rxaniplc,  has  a  long  sticky  tongue  which  it  thrusts 
forth     from    it.s    cvlindricul 


d(H'i> 


the 


snout 

rif  the  ant-hill,  bringing  it 
out  with  its  surface  covercii 
with  ants.  Animals  which 
feed  on  nuts  are  fitted  with 
strong  teeth  or  beaks  for 
cracking  tbem.  Strong  teeth 
are  found  in  those  fisht^ 
which  feed  on  crabs,  or  sea 
urchins.  Those  mammals 
like  the  horse  and  cow,  that 
feed  on  plants,  have  usually 
broad  ehiscUike  incisor  teeth 
for  cutting  ofT  the  foliage. 
and  teeth  of  very  similar 
form  are  develo|M;d  in  dif- 
ferent groups  of  plant-eating 
lishes.  Molar  teeth  arc  found 
when  it  is  necessary  that  the 
foiHl   should   be  crushed  or 

chewetl,  and  the  sharp  canine  teeth  go  with  a  fleah  diet.  The 
hmg  neck  of  tlie  giraffe  enables  it  to  browse  on  the  foliage  of 
trees  in  gra,-wless  regions. 

la*ecis  like  the  leaf-l>ectles  and  the  grasshoppers,  that  feed 
on  the  foliage  of  plants,  have  a  pair  of  jaws,  broad  but  sharply 
edgetl.  for  cutting  off  bits  of  leaves  and  stems.  Those  which 
take  only  liijuid  food,  as  the  butterflies  and  sucking  bugs, 
have  their  mouth  parts  nuKlifie^l  to  form  a  slender,  hoUow 
sucking  l>eak  or  proboscis,  which  can  be  thrust  into  a  flower 
nectary,  or  into  ilie  green  tis-sue  of  plants  or  the  flesh  of  animals, 
III  suck  up  nectar  or  plant  sap,  or  blood,  according  to  the 
special  food  habits  of  the  insect.     The  honey-bee  has  a  very 


a-w 
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complicalMl  ofiuipmcnt  of  motith  parts  fittwl  for  tnkine  ritlier 
solid  fcKMt  likr  pollen,  or  liijiiid  food  hke  the  noctar  of  flowers. 
The  mo!'i(iii(o  ha."  u  "l>iU"  i-(iiiijKBie<i  of  six  sharp,  slender 
needles  for  piercing  and  laeeratiiif;  the  flt-sli,  and  a  long 
tubular  under  Up  through  whieh  the  Mood  can  flow  into  the 
mouth.  Some  preduceoiis  inaecls.  as  the  praying  horse  {Kip, 
3R),  have  their  fore  legs  developed  into  formiilalile  grasping 
organs  for  si-ixing  and  holding  their  prey. 


For  self-priitection  the  higher  uiiiiii:ils  depeiicl  largely  on 
IhewinieorLMii-iaiid  iristi:icls  lu-*  for  the  .-iei-iiriii^'  uf  f.nid.  Car- 
nivoriiiis  lH':i-ts  u>v  limih  jituI  rliiw  in  llirir  nuii  di-fc-ii,-ie  as 
well  a-  in  <er<iriiigllieir  prey,  lint  l!i.-si-:,s  uril  ;.■...!),. -r  ;.liinials 
may  ]>niter'i  thern-i-lve-;  in  uiher  f:i>hions.  Many  ••>  lii.-  higlier 
animals  are  [iri'vidi'd  wiHi  horn-;.  ^Iruetiin-.-  ii-ele.-<  in  iTiK'nriiig 

fiiiHl.     I.ul     efferlive     as     iiea|".lis     nf     ,l.lrri-e,       lll|,ei-     defend 

lhern>elvi-  hv  M..«-  wKli  (heir  Hn.ii-  Im,.!-,  Among  the 
re,.IiI.■^  an.l  fi^he.  and  evn  am.-ng  ll.e  mammal-,  tin-  defensive 
i>.mt  of  mail  i^  i„nii<I  in  ureat  vai'i<'lv.  The  lurllr.  ilie  arma.lillo. 
the  >lnri:e..ii.  and  car  pike,  all  llie^e  -lu.w  ihc  valn->  of  defensive 
annatiir.-.   and   U.riv   shields  are  .tevel..i«-d   to   a   Mill   greater 
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(ii'Rrw  in  various  extinct  types  of  fishes.  The  crab  and  lobster 
with  claws  arid  carapace  arc  well  defended  against  their  enemies, 
and  the  hermit  crab,  with  ita  trick  of  thrusting;  its  unprotected 
body  within  a  cast-ofT  shell  of  a  sea  snail,  finds  in  this  instinct 
a  perfect  defense.  Insects  also,  especially  beetles,  arc  protected 
by  their  coats  of  mail.  8cales  and  spinea  of  many  sorts  serve 
to  defend  the  bodies  of  rep- 
tiles and  fishes,  while  feathers 
protect  the  bodies  of  birds 
and  hair  those  of  most 
nianimah). 

The  ways  in  which  ani- 
mals make  themselves  dis- 
unreoablc  or  dangerous  to 
tlioir  captors  are  ahnost  as 
varl«l  as  the  animals  them- 
sclvcj*.  IJosides  the  teeth, 
claws,  and  horns  of  ordinary 
attack  and  defense,  we  fin<l 
among  the  mammals  many 
six-cial  structures  or  con- 
Irivances  which  serve  for 
defense  through  making  their  -'i. 

jKissessors    unpleasant.     The        •     .  > 
scent    glan<ls   of    the    skunk 
and    its    relatives    serve    as  -     ■' 

examitles.    The  porcupine  has     Fio.  ibi.- 
thc  bristles  in  its  fur  special-        Jev-iopoie, 
ized   Jis    «iuills,    barbed    and        mmpirn. 
detachable.    These  quills  fill        body  unho  poi»on  siing. 
the   mouth   of  an   attacking 

wolf  or  fox,  and  serve  well  the  purpose  of  defense.  The 
hedgehog  of  Euroiie,  an  animal  of  different  nature,  being  re- 
luto<l  rather  to  tho  mole  than  to  the  squirrel,  has  a  similar 
armature  of  quills.  The  armadillo  of  the  tropics  has  movable 
shields,  and  when  it  with<lraws  its  head  (also  defended  by  a 
bony  sliirld)  it  is  as  well  jirotected  as  a  turtle. 

The  turtles  are  nil  protecletl  by  Iwny  shields,  and  some  of 
Ihcni.  the  Imx  (urtles,  may  close  Ihcir  .shields  almost  hermet- 
ically. The  snakes  hroa<len  their  heads,  swell  their  necks,  or 
show  Iheir  forked  tongues  to  frighten  their  enemies.     Some  of 
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them  are  further  aimed  with  fan^s  connectctl  with  a  venom 
gland,  so  that  to  most  animals  tlicir  bite  is  deadly.     Besides 


ita  fangs  the  rattlesnake  has  a  rattle  on  the  tail  maile  iiji  of  a 
niccesrion  of  bony  clapiwrs,  modified  vertcbriP.  and  scaU-!*. 
by  wliidi  intnidere  are  warned  of  itn  pre- 
~  sonco.     This  sharp  (iiid  insistent  h\ixz  is  a 

warning  to  aninmls  of  otlicr  siHrics  and 
perhit{M  a  recognitiim  sif^nul  to  those  of  ifn 
Icinil. 

Kvrn  the  fislios  have  niiuiv  modes  uf 
s(>lf-(icfeiise  Dironi^h  niviiic  pain  or  injiirv 
to  animalH  who  w.nili!  swallow  them.  Th'.- 
catfish  or  hdniifi  p.-iit  wli.-n  allai-kcd  s.-is 
immovably  the  sliarp  spiiif  of  tlic  [H't-tonil 
fin,  inllii'lini;  a  ja^frcd  WDnml.  IVIii-aiis 
wliich  iiavc  sw!.tl.)w,..i  a  .Mlti>li  hav.-  U-i-n 
known  to  <lie  of  thf  wmiii<ls  iiith.-twl  l.y 
tlic  fisli's  mpine.  In  llic  {trcnip  uf  st-orinon 
fislics  and  toad  tisln'^  arc  ci-rlain  ficnera 
in  wl.idi  tli.-sc  spiii.-s  ar.'  i>r.>vid<'d  with 
jMiison  filaiids.  TIum-  may  inliii-t  very 
si'viTc  wounds  In  ihIiit  fi-i|ii's.  or  even  tn 
liirdsor  iiiiiii.  OiK-uf  iliir^>:ri>uptif  |Miisi)ii 
fislics  is  the  iiolii  {i:ww>,.ln.hlh,iR).  A 
firimp  uf  small  frr~li-nai cr  ■■:il ii-ln's,  known 
as  the  mad  l.tm-^.  lia\i-  :il-oa  i")i-«.n  jiland 
altaHi.-d  lo  the  |H-.-(ni':,l  .pit.c.  ao.l  ilu- 
MiiiK  i-  iiii>~l   e\a>pcraiiin!,  like  the  slinp 
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of  the  wasj).  Tlic  sting-rays  (Fig.  194),  of  which  there  are 
many  siwoiea,  have  a  strong  jagged  spine  on  the  tail,  covered 
with  slinic,  and  armed  with  broad  sawlike  teeth.  This  in- 
flicts a  dangerous  wound,  not  through  the  presence  of  spe- 
cific venom,  but  from  the  danger  of  blood  poisoning  ar»- 
inK  from  the  slimo,  and  the  ragged  or  unclean   cut. 

The  poisonous  alkaloids 
within  the  flesh  of  some  fislios 
{Tftraodon,  Halistea,  etc.) 
serve  to  destroy  tlif  enemies 
of  the  8|x'cie8  while  sacrific- 
ing the  individual.  These 
a!kali)i(lK,  most  devolu|>e<I  in 
the  spawning  season,  pro- 
<luce  a  di.«easc,  known  in 
man  as  ciguatera.  This  is 
rarely  known  outside  of  the 
tropics. 

Many  fishes  are  defended 
by  a.  coat  of  mail  or  a  coat 
of  sharp  thorns.  The  globe 
fishes  and  iwrcupine  fishes 
are  for  the  most  jmrt  de- 
fended by  spines,  but  their 
instinct  tii  swallow  air  gives 
them  an  a<lditional  safcguarii. 
W'hen  one  of  these  fishes  is 
distiirbed  it  rises  to  the  sur- 
face, gulps  air  until  its  capa- 
cious stomach  is  filled,  and 
then  floats  belly  upward  on 

the  water.  It  is  thus  protected  from  other  fishes,  though  easily 
taken  by  man.  The  torpedo,  electric  eel,  electric  catfish,  and 
star-gaiier,  surprise  and  stagger  their  captors  by  means  of  electric 
shocks.  In  the  foriMxio  or  electric  ray  (Fig.  195),  of  which 
species  are  fc»m<l  on  the  sandy  shores  of  all  warm  seas,  on 
cither  side  of  the  head  is  a  large  honeycomblike  structure 
whirh  yiclils  a  strong  electric  shock  whenever  the  live  fish  is 
tonclKMl.  This  shock  is  felt  s.-verely  if  the  fish  l>e  stabUnl  with 
a  knife  w  metallic  siM-ar.  Tlie  electric  eel  of  the  rivers  of 
I'aragiiay  and  southern  Brazil  is  said  to  give  severe  shocks  to 
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herds  of  wild  horses  driven  throu^i  the  alrrains,  and  t 
«4-ooiints  are  giv«n  of  tfie  electric  catfish  of  the  Nile.  Id 
tropical  seas,  the  tanga  or  surgcou  fishes  {Hrpatua)  are  |m>vided 
with  a  knifelike  ^pini?  o»  the  side  of  the  tail,  the  sharp  cdpe 
dirrctol  forward  and  clipping  into  a  sheath.  Tliis  in  a  f<mnf- 
dahle  weapon  w)hmi  the  ftfih  is 
Bli%'e. 

Other  fisheti  defend  them- 
selves by  t^pear8  (KWonlfiMh, 
i^pcarfish,  sailft.'^ii)  or  by  vavs 
(sawfish,  sawshark)  or  by  pad- 
dles, (paddlcfiflh).  Othe-r«  still, 
make  use  of  sticking  diaks  of 
one  sort  or  anoilier  (aa  in  the 
Riiailfish,  Ihc  clingriith.  and  the 
ftoby),  to  cling  to  the  under 
Hide  of  rocks,  or  aa  in  ibe 
Remora  to  the  bodies  of  awift- 
Illo^ing  aharkx.  Blind  fbthes  in 
tin-  cuvtv  an-  lulnpled  to  thm 
condition,  the  eyes  Iteiiig  obso- 
lete, while  the  skin  is  covered 
with  rovi-fl  of  sensitive  papiUie. 
In  similar  circtimstancca  aal^ 
mandcra,  cra^-fishea,  and  tnaecta 
are  alKo  blind.  There  are  abo 
blind  i;..l..i<--s  wliirli  livo  in  ihc 
crevices  of  rocks  and  still  other 
blind  fishes  in  the  great  depths 
of  the  sea. 
Some  fishes,  as  the  lancelet,  lie  burie<l  in  the  sand  all  their 
lives.  Others,  as  the  sand  darter  (Ammocrypla  jteUiteida)  and 
the  hinalea  (Julig  gaimardi),  bury  tliemselves  in  the  sand  at 
intervals  to  escape  from  their  enoniies.  Some  live  in  the 
cavities  of  tunicates  or  sponges  or  holollmrinns  or  corals  or 
oystcrB,  often  passing  their  whole  livt-s  insido  tlio  cavity  of  one 
animal.  Many  others  hide  t hcinsclvt-.s  in  tlie  interstices  of 
kelp  or  s<'aweeds.  Some  eels  coil  tbi'iiisrlvi's  in  the  crevices 
of  rwks  or  coral  ninssey,  stril;iiig  iit  tlicir  prey  hke  snakes. 
Some  seu-liorM's  cling  liy  tliclr  tails  to  gnlf»i'<-<l  or  sea-KTark. 
Many  little  fishes  (Gobiomorus,  Varamjiis,  I'stnvs)  cluster  under 
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tho  Minging  tontadea  of  the  PortiiKucfie  man-of-war  or  under 
ordiimry  jcIlyiiHiiOH. 

Sfiinc  fi!<lit«  culled  the  flyinfr  fishe»  nail  through  the  air  with 
a  grii».shoppc.Tlike  motion  that  cloKcly  imitaten  true  flight. 
The  long  jTcclortil  fins,  winKlikc  in  form,  cannot,  however,  be 
fla|ii>cd  by  the  fiah,  the  muscles  serving  only  to  expand  or  fold 
them.  These  fishes  live  in  the  open  sea  or  open  channels, 
sMinuiiing  in  large  sehools.     The  small  sjieeics  fly  for  a  few 


fort  only,  the  large  ones  for  more  than  an  eighth  of  a  mile. 
These  may  rise  five  to  twenty  feet  al)ove  the  water. 

The  flight  of  one  of  the  largest  flying  fishes  (Cypaelurug  cali- 
jorniciis)  has  boon  carefully  studied  by  Dr.  Cliarlea  H.  Gilbert 
and  the  senior  author.  The  movements  of  the  fish  in  the  water 
arc  cxlromely  rapid.  The  sole  motive  power  is  the  action 
under  the  water  of  the  strong  tail.  No  force  can  be  acquired 
while  fho  fi.sh  is  in  the  air.  On  rising  from  the  water  the  mov^ 
meiit.s  of  the  tail  are  continuous  until  the  whole  body  is  out  of 
the  water.  When  the  tail  is  in  motion  the  |>ectorals  seem  in 
a  .state  of  rapid  viliration.  This  is  not  pro<lueed  by  muscular 
action  on  the  fm.s  themselves.  It  is  the  body  of  the  fish  which 
vibrates,  the  [wetorals  projecting  farthest  having  the  greatest 
nnipliiiide  of  movement.     While  the  tail  is  in  the  water  the 
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ventral  fins  are  folded.  Wlien  the  action  of  the  tail  cea8ps 
the  pectorals  and  ventrals  are  sproatl  out  wide  and  held  at  rest. 
They  are  not  iumhI  as  true  wings,  but  are  held  out  firmly,  acting 
as  parachutes,  enabling  the  Inxly  to  skim  through  the  air. 
When  the  fish  begins  to  fall  the  tail  touches  the  water.  As 
soon  as  it  is  in  the  water  it  begins  its  motion,  and  the  body 
with  the  pectorals  again  begins  to  vibrate.  The  fish  may.  by 
skimming  the  water,  regain  motion  once  or  twicx^,  but  it  finally 
falls  into  the  water  with  a  splash.  While  in  the  air  it  su^i^ests 
a  large  dragon  fly.  The  motion  is  very  swift,  at  first  in  a 
straight  line,  but  is  later  deflected  in  a  curve,  the  direction 
bearing  little  or  no  relation  to  that  of  the  wind.  When  a 
vessel  passes  through  a  school  of  these  fishes,  they  spring  up 
before  it,  meving  in  all  directions,  as  grasshopfxi^rs  in  a  meadow. 

Among  the  insects,  the  possession  of  stings  is  not  uncom- 
mon. The  wasps  and  bees  are  familiar  examples  of  stingin>^ 
insects,  but  many  other  kinds,  less  familiar,  are  similarly  pro- 
tected. All  insects  have  their  IxKlios  covered  with  a  coat  of 
armor,  com|)ostHl  of  a  liorny  substance  called  chit  in.  In  some 
cases,  this  chitinous  coat  is  very  thick  an<l  s<»rves  to  protect 
them  eflfectually.  This  is  esiH»cially  tru<»  of  the  Ixn^tles.  Some 
insects  are  inedible,  and  are  conspicuously  colorinl  so  as  to 
1x5  readily  recognized  by  insectivorous  binls.  Tlie  birds, 
knowing  by  exiK»riencc  that  tliose  ins<»cts  an»  ill-tasting.  avoi<l 
them.  Others  are  effect ively  conceahnl  from  tlieir  eneini<»s 
by  their  dose*  res(»niblance  in  color  and  marking  to  their 
surroundings.  Thes<»  protective*  resemblances  are  disciiss4H.l 
in  Chapter  XIX. 

To  the  category  of  structures  which  may  be  useful  in  .*5*»lf- 
defens(»  In^long  the  many  iH^culiarities  of  coloration  known  as 
"recognition  marks. ^'  Thes<»  are  marks,  not  otherwise*  helpful, 
which  an»  sui)|m»s<m1  to  enable  ukmuIkts  of  any  one  sjH*cies  to 
recognize  its  kind  among  the  mass  of  animal  life.  To  this 
category  In-longs  the  black  tip  of  tlu»  weast'l's  tail,  which  re- 
nmins  tlu*  sanii'  whatever  the  changes  in  the  outer  fur.  .\nother 
example  is  s(M*n  in  the  white  outer  feathers  of  the  tail  of  the 
meadow  lark  as  well  as  in  certain  s|>arrows  and  warblers. 
The  wliite  on  the  skunk's  back  and  tail  may  serve  the  same 
pur|H)s<'  anil  also  as  a  warning.  It  is  apparently  to  the  skunk *< 
advantage  not  to  be  hidden,  for  to  lM»seen  in  \\w  crowd  of  ani- 
mals is  to  Ik*  avoiiKnl  by  them.    That  recognition  is  the  actual 
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fiiiH-tion  of  such  markings  has  never  been  clearly  proved.  The 
songs  of  birds  aiui  the  calb  of  various  creatures  may  serve  also 
an  re(rognilion  marks.  Each  species  knowH  and  heeds  its  own 
characteristic  song  or  cry,  and  it  is  a  source  of  mutual  pro- 
tection. The  fur-seal  pup  knows  its  mother's  cull,  even  though 
ten  thousand  other  mothers  are  calling  on  the  same  rookorj'. 

In  questions  of  uttack  and  defense,  the  nccti  of  fighting 
luiiinals  of  their  own  kind,  as  well  as  animals  of  other  races, 
must  Iw  considered.  To  struggles 
(if  s])ecies  with  those  of  their  own 
kind,  the  term  rivalry  may  be  ap- 
pliwl.  Actual  warfare  is  confined 
mainly  to  males  in  the  breeding 
season,  especially  in  [wlygamous 
siieri(!s.  .\mong  tho.sc  in  which 
tlie  male  mates  with  many  females, 
lie  must  struggle  with  other  males 
for  their  |jossession.  In  all  the 
grouiw  of  vertebrates  the  sexes 
are  alxint  e<]iial  in  numl>ers. 
Among  monogamous  animals,  which 
mate  for  the  sea.son  or  for  life, 
there  is  less  occasion  for  destruc- 
tive rivalry. 

Among  monogamous  birds,  or 
those  wliieh  pair,  the  male  courts 
the  female  of  his  choice  by  song 
and  by  display  of  his  bright 
feathers.  According  to  the  theory 
of  sexual  .selection,  the  female  con- 
sents to  be  cho.ien  by  the  one  which  plea-sea  her.  It  is  as- 
.■^unied  that  the  hand.-«»niest ,  most  vivacious,  and  most  musi- 
cal males  are  the  ones  most  successful  in  such  courtship. 
Willi  ixilygamous  animals  there  is  intense  rivalry  among  the 
mules  in  the  mating  season,  which  in  almost  alt  S|x-cie8  is  in 
the  spring.  The  strongest  males  survive  and  repro<iuee  their 
stieiigtii.  The  most  notable  adaptation  is  seen  in  the  superior 
si/e  of  lei'th,  horns,  mane,  or  spurs.  Among  the  [tolygamous 
fur  ^".lU  and  sea  litms  the  male  is  about  four  limes  the  size  of 
the  female.  In  the  {mlygamous  family  of  deer,  buffalo,  and 
the  domestic  cattle  and  sheep,  the  male  is  larger  and  more 
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powerfully  Mined  than  the  female.  In  the  polygamous  pnuy 
to  which  the  hen.  turkey,  and  peacock  belong,  the  malra  pc»^ 
sew  the  di.<iplay  of  plumage,  and  the  structures  adapted  for 
fighting,  with  tho  will  to  use  them. 

The  pn>tecti'>n  of  the  young  is  the  source  of  many  adaptive 
ntrurturoit  an  well  on  of  the  in.->tincis  by  which  such  struetures 
arc  utilin-'l.  In  general  those  aniniab  are  highest  in  dci-^op- 
ment.  with  the  Ixft  mean.';  of  holding  their  own  in  the  stnig|;le 
for  life,  that  take  Ixfi  cnrc  nf  their  yomig.  Tlione  inntincts 
which  lead  to  home  biiiMiiig  are  all  adaptations  for  prescn-ing 


the  VfiniiK.  Ainoiin  tlir  Imvcr  or  nmrc  ciuirscly  organized  Itirds, 
Midi  lis  Ihi-  <hirkcti.  111.'  iliirk.  mill  ilic  iiiik.  as  with  the  reptiles, 
thf  y.iiuii;  aiiinuil  is  liatiliid  wilb  wfll-tlcvelo|xHl  muncular 
sysli'iii  and  m-iim-  iiri;iiiis.  and  is  i';i]ialiU'  tif  niiiiiing  iilHMit.  and, 
lo  siinie  fMi'iil.  of  fi-i-ditij;  iisilf.  jtinls  of  tliis  ty|H-  arc  known 
ns  |iiaT(U'i{il,  wliili-  i!ic-  naiiii'  altrii-ial  i-*  :i|>iiH<'d  to  the  more 
hitlilv  I'tuaTiL/i'd  fiiriii-i,  sm-li  as  iUr  lhni-*lirs.  lioves.  und  «>nj; 
birds* ):<'i>>-rally.  Willi  tli.'-.-  iln'  yi.iint.'  an-  liaiclied  in  a  wholly 
lii'l|il.'ss  i-c.iuiilLiiii,  «ii]i  iin'(T.'i-|LVi-  rnu-i'lrs.  drlirient  senses. 
an.M<'l«>ii.l<-iii  uliolly  upouili.-  |.ar.-iii.  Tlir  :dtriml  condition 
di'niaiul-  t]i><  1>uil<lHii:  nt  a  in'.i.  iLi-  .'-i:il.!i-liiiii'iii  of  a  home, 
mid  III.'  roiiilMiiid  rair  ni  .m.>  or  l>..ih  ..I  Mi,-  j.an-nts. 

Til.-  \.■1^  I..«r-i  niaiiinial-  kli..«.i.  ll-'  dtU'k  bills  ,Mon.- 
tM-nu->  ..1  \uMr;,lu.  lay  la.i;.- .-iius  in  a  -.ir.-m:  >M1  like  lh.»^- 
of  a  liirllc.  and  llusc  tiny  );iiard  with  jmat  jfwlousy.     Hut 
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body.  It  ia  nourished  by  ihp  blood  of  the  mother,  and  nflcr 
birth  the  young  is  fhtrished  by  her,  and  fed  by  milk  secreted 
by   BpecialiuMl   glunda   of   the   skin.     All   these   features   are 
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adaplatiutiii  tCDding  towani  the  prcsprvation  oT  t)ie  3-<mng. 
In  the  Marsupialu,  which  ittand  next  to  the  Monotremes — (lie 
kangaroo,  ojxissuni,  rtc. — the  young  arc  born  in  a  very  im- 
mature state  and  are  at  once  seized  by  the  mother  and  thrust 
into  a  pouch  or  fold  of  skin  along  the  abdomen,  where  they  are 
kept  until  they  are  able  to  take  carr 
of  thcmscivea  (Fig.  19d).  Tliia  U  a 
singular  adaptation,  but  lens  s|K^>i;il- 
izi-d  and  less  perfect  than  the  condi- 
tion found  in  ordinary  niammuls. 

Among  the  inst-rts,  the  s]M.>cisl  pro- 
visions for  the  protection  and  care  of 
the  eggs  and  the  young  are  widespread  and  various.  The  eggs 
of  the  common  cockroach  are  laid  in  small  packets  inclosed 
in  a  firm  wall  {Fig.  20U).  The  eggs  of  the  great  water  bugs 
are  carried  on  the  hack  of  the  male  (P'ig.  201):  and  the  spiders 
lay  their  eggs  in  a  silken  sac  or  cocoon,  and  some  of  the  ground 
or  running  Bjmlers  {hiicosid-i),  drug  this  egg  sac,  attached  to 
the  tip  of  the  aluloincii,  uiKJUt  with 
them.  The  y<)uriK  Hpidcr.-*  wlicn  hatched 
live  for  some  diiv.s  inside  Ihi.s  khc,  feed- 
ing on  each  other.  Miiny  InM-ctiJ  have 
long,  sharp,  piercing  ovi]m.-*itors,  by 
means  of  which  tlie  e(;gs  are  thrust  into 
the  ground  or  into  the  K-avcs  or  stcnLs 
of  green  jilarits.  or  even  into  the  hard 
wockI  of  tret'  trunks.  SiHne  iif  the  scale 
insects  secrete  wa.v  fr<iin  their  Ixiilies 
and  form  a  large,  often  iM'aulifiil  egg 
case  uttachetl  to  and  nearly  covering 
the  IhkIv  in  whicli  eggs  are  dcpdsiled. 
The  variiius  gall  insects  lay  their  eggs  ^m* „n  ii.  b»ck. 
in    the    .-mft    tissue    of  plants,    and    on 

the  hali'liing  of  the  hirva  an  almornial  growth  of  the  plant 
occurs  almul  the  young  insect,  forming  an  incUising  gall  that 
serves  niit  only  to  pnitecl  the  insect  within,  but  to  furnish 
it  with  an  abundance  <)f  plant  sap,  its  f(ii»l.  The  vimng  in- 
M<!ct  remains  in  the  gall  until  it  completes  its  dcvelupment 
and  growlii.  when  it  gnaws  its  way  out.  Such  insect  galls  are 
e»|K'cially  abundant  nn  oak  tr^-s  (Kii;-.  2  L'  a'i<l  Ul):t). 

The  movements  of  migratory  fislies  an-  mainly  rontruUol 
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liy  tlio  impiibw  of  n-prmluct.ion.  Home  iwOitKi*'  fishes,  cs^iiocially 
tltose  of  the  iiuickcrcl  nnd  flying  fish  famihoH,  swim  long  di»- 
tntircfi  to  a  region  favorable  for  the  deposition  of  spawn.  Others 
pursue  for  equal  distances  the  schools  of  h«prin|;.  nienluiden.or 
other  fishos  which  etTW  iiB  their  prey.  Some  speuitw  nre  known 
mainly  in  the  waters  they  make  their  breeding  homes,  as  in 


Ihe  KBll  tly.  KAolUM  rvM.     (Aflar  Kiall* 


Cuba,  southern  C-alifomi»,  Hawaii,  or  Japan,  the  individuals 
being  scattered  at  other  limes  through  the  wide  seas. 

Many  frt«h-water  fishes,  as  trout  and  suckers,  forsake  the 
large  streams  in  the  spring,  ascending  the  small  brooks  where 
their  young  ran  be  reared  in  greater  safety.  Still  olliers, 
known  as  anadromoua  fishes,  feed  and  mature  in  the  sea,  but 
ascend  the  rivers  as  the  impulse  of  n'production  grows  strong. 
Among  such  fishes  are  the  salmon,  shad,  alewifc,  sturgi-on.  and 
HtriiXH]  bass  in  American  waters.     The  most  remarkable  ea»o 
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of  th«  ftlucirtni'iiLJ  insiin'-t  i*  fmiml  in  ilie  kins 
ffiiinnst  (tHif'irh'jnrk'iA  ttfhit'nil^rhn  >ii  thi-  I'm 
Tliirt  Bn«I  li-ii  ^(rtiwiL-  in  Xi.v.-iiilnr.  ut  liif  wcp  nl 
an'l  willi  an  iivcrrtjif  wiiulit  <if  tm-niy-rwo  [amn 
(V>Iiinil(ia  Uivr-r  il  iM-zin-  r'nintns  witli  tlic  I'lirin; 
Man'h  anri  Aiiril.  It  .-(nii'Ii  th<-  whiilc  .■iiimnifr  will 
in  lint  ascfnt   of   tin-   rivi-r.      liy  Ilic-  untiiniii.  the 


iilivr  M'lli'lii-ci  tlir  tn'>llnl;>ill  si  n'liliK  of  I'I;lIii>.  itrrtt 
in  ii|i|>'Mnini-.-.  .Ii.c,.l..r,.l.  «,.™.  an.i  (li-l.irif.I.  ' 
htnii|.l«.rl,.,l.  »iili  Miiikin  snili'M  atvl  sivmiIv  i'nl:Ltc 
lnil...r  l«i-tr.l  j»ns,  nilli  .-iilarp-.i  .l«»lil,.'  Ir.-tli. 

iiilt  ll.v  s|«iniiiiia  UA:  wliirl iV  I..'  ^1  tli.nis:.ii,l 

till-  ~i';l  ill  thi'  I'.iliiiNliiii.  iiMT  two  I)m>iis:iii.I  Mlil.-S  ill 

III,'  (.■iii:iIi.In|.wI,-  luTl'L't-  ill  llir  Cluvl  "I--"! In 

T mil MT.-    Ilii'iii    iiii.l    s.t:i|.-    IIii-    Biiivrl 

Tlirll   l.'lli   mill''  llll'l   iVllllilr  illil't    mil   fMlvlllM-l    lil'll 

III.'  .Iri'iii -o  I'lu'  ii-i'i'i'liiiiih'  l.ii.nMi.  i-riTi 

t,'|.mlii<'ii>.'  ml.     'I'l»'  Mini.'  Iiiil.ils  i.ri'  f.iiiiul  iu  III 

i-l. "' -iiliii.'iiiii  till'  I'Mi'ilii',  lull  in  iii.i-I  ni..'s  till 

,|,.  II,. I  -lull  -,.  .'VK  l.,.|'  I'llli  .-..  (;,r.  Tl-.'  l.lil.'Ui.'l 
r."lli-ii,l.',».'i.'..'l..,.- i,.,i  i:,ll  (iir  .|i.,i't  in  il.i-.T.'i 
>:.liii..n  ..r  II..'  Aili.i.li.'  Ill',  i.  Hii.iliir  ). al.il,  l.iil  t 
lii.>.'l.'.l  i»  .■\,'fi«l,.'r.'  luii.'li  1.'.-.  I.1I.I  lln-  lii..k-j 
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drop  tmrk  down  to  the  sea  and  survive  to  repeat  the  acts  of 
reproduction, 

Catadromous  fishes,  as  the  true  ccl  (AntfitiUa),  reverse  thU 
order,  feeding  in  the  rivers  and  brackish  estuaries,  appareDtly 
finding  their  usual  spawning  ground  in  the  sea. 

A  large  pari  of  the  Ufe  of  the  animal  is  a  struggle  with  the 
environment  itself:  in  this  struggle  only  those  that  arc  adapted, 
live  and  leave  descendants  fitted  like  themselves.  The  fur  of 
mammals  fits  them  to  their  surrotm<lings.  As  the  fur  differs 
so  may  the  habits  change.  Some  animals  arc  active  in  winter: 
others, as  the  bear, and  in  Northern  Jaimn.the  red-faced  mon- 
key, hiWrnate,  sleeping  in  ca\'P8  or  hollow  trees  or  in  burrows, 
until  conditions  arc  favorable  for  their  activity.  Most  snakes 
and  lizards  hibernate  in  cold  weather.  In  the  swamps  of 
Louisiana,  in  winter,  the  bottom  may  often  be  seen  covered 
with  water  snakes  lying  as  inert  as  dead  twigs,  t'sually, 
however,  hibernation  is  accompanied  by  concealment.     Some 
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animals  in  hiliernation  may  be  frozen  alive  without  apparent 
injury.  The  blackfish  of  the  Alaska  swam[>s,  fed  to  dogs  when 
frozen  solid,  has  l>een  known  to  revive  in  the  heat  of  the  dog's 
stomach  and  to  WTiggle  ont  and  escape.  As  animals  rCHist 
heat  and  cold  by  adaptations  of  structure  and  habits,  so  may 
they  rosi,st  dryness.  Certain  fishes  hold  reservoirs  of  water 
almve  their  gills,  by  means  of  which  they  can  breathe  during 
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short  excumona  from  the  water.     Still  others   (mud  fishes) 

retain  the  primitive  Iimgtike  stnictm^  of  the  swim  bUdder, 

and  are  able  to  breathe  air  when,  in  the  dry  season,  the  water 

of  the  poob  is  reduced 

to  mud. 

Another  series  <rf 
adaptations  is  ron- 
cemed  with  the  plac«s 
chosen  by  animals  for 
their  homes.  The  fishcv 
that  live  in  the  «-aier 
have  special  organs  for 
breathing  under  water 
(Fig.   204).      Many  of 

the  South  American  monkeys  have  the  tip  of  the  tail  adapted 

for  clinging  to  limbs  of  trees  or  to  the  bodies  of  other  monke>-fl 

of  its  own  kind.    The  hooked  claws  of  the  bat  hold  on  to 

rocks,  the  bricks  of  chimncya,  or  to  the 

surface   of   hollow   trees,    where    tlie    Imt 

sIccjM  through  the  day.     The  tree  frogs 

or  tree  toa<l!i  (Fig.  205)  have  the  tijw  of 

the  toes   Bwollen,  forming   h(tle  (lads  by 

which  they  cling  to  the  bark  of  trees. 

Among   other  aduptatioiM  relating   to 

special  surroundings  or  coriditiiitis  of  lift; 

are  the  great  check  jwuchert  of  the  pocket 

gi>pherrt,  wliich  curry  off  tlie  soil  dug  up 

by    the    large   »<liovelIikc    feet    when    the 

gopher  excavates  its  Imrriiw. 

Those  insects  which  live  undergnnnul, 

nuikiug  burrows   or   tunnels   in   tlie  .""il. 

have  their  legs  or  other  iwirls  ;id:ipteil  for 

digging  au'l  burrowing.     The  mole  cricket 

(Figs.  L'Uli  nn<l  L>l»7)  Iulh  its  legs  stout  and 

short,  with   liniail.  sliiivellike  fe«?I.     ."M>nie     n,;.  am.  — Tht>    m-it 

water    Itcelles    jirul    waler   bugs    lutve   one        mcVn.     CniUoia.jv. 

oruioreuf  ihi-  pairs  of  legs  flattened  and        M.-H.^TMil^. ""^ 

hroaii  lo  serve  as  ours  or  paildh-s  for  swim- 
ming.    The  t:rHsshop)H'rs  or   loeiisls,    wliiili    leap,  have    their 

hind   legs  greatly  enlarged  an<l  elongated,  and   provider]    with 

strong  miiHcles  so  as  to  make  of  them  "leaping  legs."     The 
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gniliH  or  larvjp  of  l>oollc9  which  live  as  "borera"in  tree  trunks 
haw  riirro  rudimpnts  of  loga,  or  none  at  all.  They  have  great, 
Htrong,  biting  jawn  for  cutting  away  the  hard  wood.  They 
move  siuiply  l)y  wrigghnf;  along  in  their  burrows  or  tunnels. 

Insects  tliat  live  in  water  either  come 
up  to  tlie  surface  to  breatlie  or  take  down 
air  underneath  their  wings,  or  in  some  other 
way,  or  have  gills  for  breathing  the  air 
which  is  mixed  with  the  water.  These  gills 
are  special  adaptive  stnictiirpH  which  present 
a  groat  variety  of  form  and  appearance.  In 
the  young  of  the  May  flies  they  are  delicate 
platelike  flaps  projecting  from  the  sides  of 
the  bctdv-  They  are  kept  in  constant 
motion,  gently  waving  back  and  forth  in 
the  water  so  as  to  maintain  currents  to 
bring  fresh  water  in  contact  with  them. 
Young  mosquitoes  do  not  have  gills,  but 
conic  up  to  the  surface  to  breathe.  The 
larvu<,  or  wrigglers,  breathe  through  a  special 
lube  at  the  posterior  tip  of  the  body,  while 
the  pii{>a;  have  a  pair  of  hornlike  tubes  on 
the  back  of  the  head  end  of  the  body. 

Many  fisiies,  chiefly  of  the  deep  seas, 
develop  organs  for  producing  light.  These 
are  known  as  luminous  organs,  phosphor- 
escent organ-s,  or  photophorcs.  These  are 
in<lependent  ly  dcvelojied  in  four  entirely 
unrelate<]  grou)>s  of  fl^hes.  This  difference 
in  origin  is  accompanied  by  corresponding  o*  "«■  "ou  crieket, 
difTereiiccs  in  structure.  The  best  known  |!ll^°*.il^'i,l,,^?^ 
Iy|)e  is  found  in  the  Iniomi,  including  the  tu.  (Afursiuini.) 
lantern  fishes  and  their  many  relatives. 
They  may  have  luminous  spots,  differentiated  areas,  rounder 
oblong,  wliich  shine  starlike  in  the  dark.  These  are  usually 
symmetrically  placed  on  the  sides  of  the  body.  They  may 
have  also  luminous  glands  or  diffuse  areas  which  are  luminous, 
but  which  do  not  show  the  specialized  structure  of  the  phos- 
pliorescenl  s|xits.  These  glands  of  similar  nature  to  the  spots 
are  m()stly  on  the  head  or  tail.  In  one  genus,  jEthoprora,  the 
luminous  snout  is  compared  to  the  headlight  of  an  engine. 
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Entirely  different  are  the  jihotophnrea  in  the  midKliipnian  or 
Hinging  (lull  (PorirhUii/s),  a  Reniis  of  the  tond  ftslies  or  Itatra- 
i'ho!(it'Jn'.  These  Kjieeitai  livi'  iiear  tbe  hliore  ttiid  llie  lumi- 
nous MpiitH  are  outgrowths  from  r>oros  of  the  lateral  line 

In  line  iif  the  unglera  (Vonjnoloyiuui  reinJuirtlti)  the  com- 
plex bait  is  Huid  to  be  luniiiiuus,  luid  luuiinotus  arca^  occur 
on  the  belly  of  a  very 
ftniall  fihiirk  of  the  deep 
ftciin  of  Japan  {Klmoptmis 
liiriler).  Dr.l'fterScliniidl 
f)f  St.  IVtersbiirB  ha»  a 
ilritwing  of  tliiH  ffhark 
iiiude  at  night  from  iu 
own  light. 

Wliile  among  the 
higher  or  vertebrate  atii- 
rtiulu.  es|)eciAlly  ttie  finhw 
!ind  reptiW.  most  remark* 
iibli'  nisi-r>  iif  ailnpttilitmx 
iHTiir,  yd  thr  structural 
cliiinK''*  nil'  fiT  the  niiwi 
part  external,  usually  nol 
affecting  fimdamentally 
the  develnpmeni  of  tlie  internal  organs  nther  than  the  skeleton. 
The  organization  of  these  higher  animals  ia  much  less  plastic 
than  that  of  the  inv»'rtcl>ratc.-*.  In  gi-neral,  the  higher  the 
type  the  more  |H'rsisti'iit  and  iinehangealilc  arc  tliose  atrue- 
turea  not  innnediatcly  ex|)os»Hl  to  the  infiiieiu'c  of  the  stniggle 
for  oxistenee.  It  is  thus  the  outside  of  an  animal  that  tells 
where  its  ancestors  have  lived.  Thi'  insii]<'.  suffering  little 
change  whatever  the  siirnnnu lings,  tells  llie  real  nature  of  the 
animal. 
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ClIAITKR   XVII 
PARASITISM  AND  DEGENERATION 

Jjos  causes  de  revolution  rejfrcssivo  pouvcnt  so  ramciKT  k  une 
soulo,  la  limitation  dca  moycMis  de  suhsistanee,  de  1&,  la  luttc  pour 
IVxistence  eiitre  les  organismeH  ou  les  wK'ietes,  et  eiitrc  lours  parties 
cDinposaiites. — Demook,  Massart,  and  Vandervelde. 

A  sPKciAL  kind  of  adaptation  is  that  shown  by  parasitic 
animals.  Tho  relations  of  parasitic  animals  to  their  hosts 
apjx'ar  in  many  familiar  examples,  and  the  results  of  this  para- 
sitic life,  or  at  least  the  conditions  that  seem  ahvavs  to  attend 
it,  namely  the  degeneration,  slight  or  extreme,  of  the  parasites, 
is  also  familiar  to  all  observers  of  animal  Ufe.  The  term  para- 
sitism, as  well  as  the  term  degeneration,  cannot  be  very 
rigidly  defincMl.  To  prey  u|Km  the  bixlies  of  other  animals  is 
the  common  habit  of  manv  creatures.  If  the  animals  which 
live  in  this  way  are  free,  chjising  or  lying  in  wait  for  or  snaring 
their  prey,  we  siK»ak  of  them  in  general  as  predatory  animals. 
But  if  tliev  attach  themselves  to  the  bodv  of  their  prev  or 
burrow  into  it,  and  are  carried  al>out  by  it,  live  on  or  in  it, 
then  we  call  them  j)arasit<*s.  And  the  difference  in  habit 
lH»tw(HMi  a  lion  and  an  intestinal  worm  is  large  enough  and 
marked  (»nough  to  make  very  clear  to  us  what  is  meant  when  we 
siK\ak  of  one  :is  predatory  and  the  other  as  a  parasite.  But 
how  shall  we  class  the  lamprey,  that  swims  alx)ut  until  it  finds 
a  fish  to  which  it  clings,  while  sucking  away  its  blood?  It 
lives  mostly  fnM\  hunting  its  ])rey,  clinging  to  it  for  a  while, 
and  is  carritNl  about  by  it.  Clos<*ly  related  to  the  lampreys 
are  th<'  hag  fishes  (Mt^xinc)  marine  e<»llike  fish<»s  that  attach 
tliemst  Ives  by  a  suck«Tlike  mouth  to  living  fishes  and  gradually 
scraiM*  and  eat  their  wav  into  the  alnlominal  cavitv  of  the  host. 
These  ** hags''  or  *M)orers"  a))proacli  more  nearly  to  the  con- 
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itpmftl  parasite  than  Hny  other  vertebrate.     And 

u,     IP  flea?     In  its  immature  life  it  livwt  as  a  white 

arva  in  tlie  dust  of  cracks  and  ox-viti-s.  of  floors  and 

icaps  of  debris;  here  it  pupates,  and  finally  rltan^r* 

cuve  leaping  blood-sueking  adult  which  finds  its  way 

nly  of  sume  mammal  and  clings  there  suckinf;  btood. 

■  can  jump  off  and  hunt  other  prey;  it  leaves  the  host  body 

!y  to  lay  its  prrs,  and  yet  it  feeds  as  a  paraj^ite.  at  It^aM 

iformn  to  the  definition  of  parasite  in  the  etisential  fnct  nf 


.1  tb*  Ml.  Iho  ml 
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being  carried  about  on  or  in  the  host  iKMly,  while  feeding  at  the 
host's  expense. 

It  is  of  course  not  particularly  important  that  we  distinguish 
flharply  between  parasitic  and  predareous  animals,  but  as  we 
look  on  the  degeneration  of  parasitic  animals  as  the  result  of 
their  sjiecial  habit  of  life,  we  must  attempt  a  sort  of  elassifica- 
tion  of  the  phases  or  degrees  of  parasitism,  in  order  to  asso- 
ciate with  them  corresponding  categories  of  tlegeneration. 

The  bird  lice  (Mallophaga),  which  infest  the  bo<iie8  of  all 
kinds  nf  birds  and  are  found  especially  abundant  on  domestic 
fowls,  live  upon  the  outside  of  the  bmlics  of  their  hosts,  feeding 
upon  the  fealliers  and  dermal  scales.  Tliey  are  examples  of  ct- 
tertwl  pnriisUfx.  Oiher  examples  are  fleas  and  ticks,  and  the 
crustaceans  culled  fish  lice  and  whale  liic,  which  are  attached 
to  marine  animals.  On  tlie  other  hand,  .-dmnst  all  animals 
are  infested  by  certain  parusitic  wiirnis  wliiih  live  in  the  ali- 
mentary canal,  like  the  taix-wfirm,  nr  inibcddcil  in  the  muscles, 
like  the  Iricliinii.  These  arc  c\aiti|>lcs  of  internal  parntitn. 
Such  guirasitcs  l>elong  mostly  tti  the  class  of  worms,  and  some 
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of  them  arc  very  injurious,  surkinfc  the  hlood  from  the  tissuea 
of  the  host,  while  others  feed  solely  on  the  partly  digested 
food.  There  are  also  parasites  that  live  partly  within  and 
partly  on  the  outside  of  the  body,  like  the  Sacctdina,  which 
lives  on  various  kinds  of  crabs.  The  body  of  the  Sacculina 
consists  of  a  soft  aac  which  lies  on  the  outside  of  the  crab's 
body,  and  of  a  number  of  lonp,  slender  rootlike  processea 
which  penetrate  deeply  into  the  crab's  body,  and  take  up 
nnnrishmont  from  within.  The  SaccuHiui  is  itself  a  crus- 
tacoun  or  crablikc  creature.  The  closNi  float  ion  of  parasites 
as  external  and  internal  is  purely  arbitrary,  but  it  in  often  a 
matter  of  convenience. 

Some  parasites  live  for  their  whole  lifetime  on  or  in  the 
bo<ly  of  the  host,  as  is  the  case  with  the  bird  lice.  Their  eggs 
are  laid  on  the  feat  hers  of  the  bird  host ;  the  young  when  hatched 
remain  on  the  bird  during  growth  and  development,  and  the 
adults  only  rarely  leave  the  body,  usually  never.  These  may 
Ik-  called  permanent  parasites.  On  the  other  hand,  fleas  leap 
off  or  on  a  dog  apparently  as  caprice  dictates;  or,  as  in  other 
cases,  the  parasite  may  pass  some  definite  part  of  its  life  as  a 
free  nonparasitic  organism,  attaching  itself ,  after  development, 
to  some  animal,  and  remaining  there  for  the  rest  of  its  life. 
These  parasites  may  be  called  temporary  parasitrt.  But  this 
grouping  or  classification,  like  that  of  the  external  and  internal 
parasites,  is  simply  a  matter  of  convenience,  and  does  not 
indicate  at  alt  any  blood  relationship  among  the  members  of 
any  one  gronp. 

Some  parasites  are  so  apecialiKcd  in  habit  and  structure  that 
they  are  wholly  unable  to  go  through  their  life  history,  or  to 
maintain  themselves,  except  in  a  single  fixed  way.  They  are 
deiiendent  wholly  on  one  particular  kind  of  host,  or  on  a  par- 
ticular scries  of  hosts,  juirt  of  their  life  l>eing  jiassed  in  one  and 
another  part  in  one  or  more  other  so-called  intermediat*  hosts. 
These  parasitic  species  are  called  obligate  parasites,  while 
others  with  leaa  deflnite,  more  flexible  requirements  in  regard 
to  their  mode  of  development  and  life  arc  calle<l  facultative 
paranilrs.  Tliese  latter  may  indeed  Ik-  able  to  go  through  life 
as  free-living,  nonpara.eilic  nnimitls.  although,  with  oppor- 
tunity, they  live  parasitically. 

In  nearly  all  ca.ses  the  Ixxiy  of  a  jwraslle  in  simpler  in 
structure  than  the  IhhIv  of  other  animals  which  are  closely 
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related  to  the  parasite — that  is,  animals  that  live  parasiticaUr 
have  simpler  bodies  than  animals  that  live  free  active  lives, 
competing  for  food  with  the  other  animals  about  them.  This 
simplicity  is  not  primitive,  but  results  from  the  loss  or  atrophy 
of  the  structures  which  the  mode  of  life  renders  useless.  Many 
parasites  are  attached  firmly  to  their  host,  and  do  not  move 
about.  They  have  no  need  of  the  power  of  locomotion.  They 
are  carried  by  their  host.  Such  parasites  are  usually  without 
wings,  legs,  or  other  locomotory  organs.  Because  they  have 
given  up  locomotion  they  have  no  need  of  organs  of  orientation, 
those  special  sense  organs  like  eyes  and  ears  and  feelers  which 
serve  to  guide  and  direct  the  mo\ing  animal;  and  most  non- 
locomotory  parasites  will  be  found  to  have  no  eyes,  nor  any 
of  the  organs  of  special  sense  which  arc  accessory  to  locomotion 
and  which  serve  for  the  detection  of  food  or  of  enemies.  Be- 
cause these  important  organs,  which  depend  for  their  siicce:^- 
ful  activity  on  a  highly  organized  nervous  sj-stem,  are  lacking, 
the  nervous  system  of  parasites  is  usually  very  simple  and  un- 
developed. Again,  l)ocause  the  parasite  usually  has  for  its 
sustenance  the  already  digested  highly  nutritious  foo<l  elaUv 
rate<l  by  its  host,  most  parasites  have  a  very  simple  alimentary 
canal,  or  even  no  alimentary  canal  at  all.  Finally,  as  the  fixe<l 
parasite  leads  a  wholly  sedentary  and  inactive  hfe,  the  break- 
ing down  and  rebuilding  of  tissue  in  its  ImmIv  go  on  very  slowly 
and  in  minimum  degnM\  and  there  is  no  need  of  highly  develo|MMl 
respiratory  and  circulatory  organs,  so  that  most  fixinl  imrasites 
have  these  systems  of  organs  in  simple  condition.  Altogether 
the  Innly  of  a  AxcmI,  jxTnianent  j)arasite  is  so  simplificMl  and  ?o 
wanting  in  all  tluK^e  sjxH'ial  structures  whieh  characterize  the 
higher,  active,  complex  animals,  that  it  often  prt*sent8  a  very 
different  apjK»arance  from  those  animals  with  which  we  know 
it  to  l)e  nearlv  relate<l. 

The  simplicity  of  parasites  (1(h»s  not  indicate  that  thi»y 
lH*long  to  the  grou|>s  of  primitive  sim|)le  animals.  Parasitism 
is  foiiiui  in  tli<»  whole  range  of  aiiiinal  life,  from  primitive  to 
liighest.  although  tin'  vertebrate*  animals  iiirlude  very  H'W  |k:ira- 
sites  and  tlH»s<»  of  little  s|KM*ializali<ni  of  habit.  lint  their 
simplieity  is  something  that  has  resulted  from  their  ukmIc  of 
life.  It  is  tin*  result  (»f  a  ehan^i*  in  the  Innly  stru<'ture  wliii-h 
we  ran  oftt'ii  traee  in  th<»  develo]>in«'nt  of  tlu'  indivitiual  para- 
site.    Many   parasitic  in  their  young  stagt^s  are  free,  active 
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animals  with  a  l)ettpr  or  more  complex  Ixxly  than  they  p 
in  thfir  fully  dcvcloijed  or  adult  Htage.  The  Himplicity  of 
jMirusiU'H  is  tlic  rcsnlt  of  (legfiiierntion — a  <legoneration  that 
liju-*  iKH'n  brought  alMiut  by  their  a<loiition  of  a  sedentary,  non- 
(■oin|H'titive  |>arafiti«;  lifr.  And  thiw  Himplicity  of  degenera- 
tion, and  the  simplicity  of  primitivenwts  should  be  sharply 
distinguiNhLHl.  AnimalH  that  are  primitively  simple  have  had 
tiiily  simple  ancestors;  animals  that  are  simple  by  degeneration 
often  have  had  highly  organized,  complex  ancestors.  And 
while  in  the  life  history  or  develojinient  of  a  primitively  simple 
atiiiiial  all  the  yoimg  stages  are  simpler  than  the  adult,  in  a 
dcgciierate  animal  the  young  stages  may 
Im\  and  usually  arc,  more  complex  and 
more   highly   organized    than   the   adult 

HtllgO. 

In  the  few  examples  of  parasitism 
(selected  from  various  animal  groups) 
that  arc  desrTibed  in  the  following  pages 
all  these  general  statements  aie  illus- 
trated. 

In  the  intestines  of  crayfishes,  centi- 
|>edeH,  and  several  kinds  of  insects  may 
often  1)0  found  certain  one-celled  animals 
(IVotozoa)  which  are  living  as  parasites. 
Their  fiiod,  which  they  take  into  their 
minute  Ixxly  by  absorption,  is  the  intes- 
tinal fluid  in  which  they  lie.  These  parasitic  Protozoa  belong 
to  the  genus  Gregarina.  Because  the  body  of  any  protozoan 
is  a.**  .sini])le  as  an  animal's  body  can  well  be,  being  com- 
posed of  but  a  single  cell,  degeneration  cannot  occur  in  the 
cases  of  these  parasites.  There  are,  besides  Gregarina,  many 
other  parasitic  one-celled  animals,  several  kinds  living  inside 
the  cells  of  their  host's  body.  Several  kinds  of  these  have 
U-en  |)roved  to  be  the  causal  agents  of  serious  human  diseases. 
('ons|ii('uous  among  these  are  the  minute  parasitic  Sporozoa 
which  are  the  actual  cause  of  the  malarial  and  similar  fevers 
that  rack  the  human  Ijody  in  nearly  all  parts  of  the  world. 

In  the  cla.ss  of  Sporozoa  (of  the  great  branch  Protozoa  or 
one-celled  animals)  is  an  order  called  Hemoeporidia  (or  Hemo- 
cytozoa)  comprising  numerous  kinds  of  unicellular  parasites 
which  live  in  the  blood  of  vertebrates  (with  certaiD  inverte- 
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rniiHlinti'  ftr  alrernatc  hosts).     Certain  kirult  aw 

(•old  liliMiit  of  fislicH,  itm|)tii1>luii-i,  rcjttiliv.  uid 

DtttiTin  ill  tlm  warm  blood  of  \>inU  and  mammals.     Tb« 

Halteridinm  uiul   PlamtuHHum   CDiiInm  ccrtuiii  i'f>t><-i« 

•V  PxcluBively  in  the  blood  of  liirds  or  mammak  for  part 

■r  life  and  in  tlie  bodim  of  wrtain  arthropods  for  the 

part  of  their  life.    They  produce  a  series  of  asexual 

tlioiiM  (rcpmd union  by  simple  division  or  Hpnrulatioa) 

■ir  vcTtel)ratc'  lio«t.i.  and  a  twxiial  gencmlion  (reiirodiirtioti 

liy    the    dcvelopnteni 

iif    a    xygote    formM 

by  the  fiuion   of  tvn 

Mis,  called   samrln) 

in  the  iirthnijKKi  hoM. 

This   arthropoi]     hmt 

fur  all    the   sj>f<-ii^   m 

far    known    of     iln-si' 

genera   ifl    exclusivriy 

the  mosquito.      Three 

species    of    the   genua 

Plasmodium,    namely, 

*" '  and  P.  faieiparum.  are 

the  specific  causal 
agents  of  the  distinct 
malarial  fevers  known 

Fw.  2ll--Thelil.eyel.of  r«yiJ.u-.I.rtofc...Prolo-  iprtian        nii>r«*n 

»...  |..r»i<e  of  lb.  e.r.i,«i.,  /..rtotiu..    (Afi.r     ^»  ,  tertian,     quartan. 

Schmutiiii.)  and  tropical  fever  re- 

Bi>ectively.       (In     the 

literature  of   "mosquitoes  and   malaria,"  the  name  " Hama- 

maba"  will   be  founci   to  Iw   used   synonymously  with  Pla»- 

modiutn.) 

I.uveran,  a  French  surgeon  in  Algiers,  discovered  the  PUu- 
modiiim  parasite  in  the  rod  l>lood  rori'iisdes  of  malarial  fever 
]mtii-nts  in  1S8(I.  mid  tlclcrmimtl  thai  tlie  disease  was  actually 
and  Molfly  due  to  the  dcstnutive  and  toxic  effects  of  the  growth 
and  miiltipli<'ntii>n  of  tlie  jwira-sile  in  the  tilnod.  Every  forty- 
eiglil  hinirs  in  tertian  fever  (spventy-lwo  hours  in  quartan)  then 
is  poniplcted  a  whole  fasexiial)  cycle  in  the  life  of  one  of  these 
parasite's,  including  its  birth  by  the  division  of  the  body  of 
the  mother  into  st^'veral  small  merozoites,  the  penetrmtion  of 
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8  red  blood  porpuacle  by  each  of  these  mero7^ite«,  the  growth 
of  the  parasite  in  the  blood  corpuscle  at  the  expense  of  the 
corpuscle,  the  maturing  and  aporulation  (or  division  into  new 
merozoites)  of  the  parasite,  and  the  final  breakdown  of  the 
corpuscle  and  release  into  the  blood  plasma  of  the  tiny  active 
merozoitc.  Numerous  generations  of  this  type  are  produced 
in  the  blood  of  a  patient,  but  finally  a  sort  of  senescence  or  " 
degeneration  of  the  parasite  sets  in,  and  unless  there  is  a  fresh 
infection  of  the  patient  from  outside,  the  parasitic  host  dimin- 
ishes and  finally  nearly  disappears.  If  the  effects  of  the  para- 
site have  not  been  too  severe  during  the  height  of  its  invasion 
the  patient  now  recovers. 

For  the  continued  multiplication  and  persistence  of  the 
parasitic  species  a  new  process  or  sot  of  conditions  is  neeossary. 
If  a  drop  of  blood  drawn  from  a  malarial  patient  is  examined 
under  the  microscope  the  parasitic  individuals  abundantly  in 
evidence  in  this  blood  will  be  seen  to  manifest  a  curious  be- 
havior within  a  few  minutes.  Some  of  them  will  move  and 
sc|uirm  about  with  great  activity,  and  extend  and  retract 
pseud  o  podium  like  processes,  until  finally  with  great  rapidity 
a  few  (usually  four  to  six)  delicate  threadlike  flagella  or 
flagellalike  processes  will  shoot  out  from  the  body  mass  and 
break  away  from  it.  These  motile  flagella  arc  really  gametes 
or  sexual  cells  of  one  type  (the  male)  white  other  large  nearly 
immobile  sul)-8i)herical  parasite  individuals  which  do  not  be- 
have as  these  do  arc  gametes  or  sexual  colls  of  the  other  (or 
female)  ty[>e.  The  flagella  find  and  penetrate  or  fuse  with  the 
larger  gametes  and  form  a  zygote  or  resting  egg  cell. 

While  the  processes  just  described  have  been  taking  place 
in  the  blood  droplet  under  our  microscope,  as  a  matter  of  fact 
thiM  normallj'  takes  place  in  the  stomach  of  a  mos<|uito.  For 
when  a  mos<|uito  (at  least  of  a  certain  kind)  sucks  blood  from 
a  malarial  j>atient  the  blood  parasites  are  of  course  taken  in 
also  and  deposited  in  the  stomach  where  digestion  of  the  blood 
begins.  Now  when  the  zygotes  are  formetl  in  the  mosquito's 
stomach  they  do  not  remain  lying  in  the  stomach  cavity  but 
move  to  the  wall  of  the  stomach  and  partially  [K-netrate  it. 
As  many  as  five  hundred  zygotes  have  Ix^'n  found  in  the 
stomach  walls  of  a  single  mosquito.  Tlie  zygote  now  in- 
creases rapidly  in  size,  liecoming  a  perceptible  nodule  on  the 
oilier  side  of  the  stomach  wall,  but  soon  its  nucleus  and  proto- 
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plaflm  begin  to  break  up  by  repeated  division  (the  parts  sD 
being  held  together,  however,  in  the  wall  of  the  sygote),  and 
by  the  end  of  the  twelfth  or  fourteenth  day  the  sygote's  proto- 
plasm may  have  become  divided  into  ten  thousand  minute 
sporozoites.  The  zygote  wall  now  breaks  down,  thus  releasing 
the  thousands  of  active  little  sporozoites  into  the  general  body 
cavity  of  the  mosquito.  This  cavity  is  filled  with  flowin|[ 
blood  plasm — insects  do  not  have  a  closed  but  an  almost  com- 
pletely open  circulatory  system — and  swimming  about  in  thi? 
plasm  the  sporozoites  soon  make  their  way  forward  and  into 
the  salivary  glands  of  the  mosquito.  Now  when  the  insect 
pierces  a  human  being  to  suck  blood,  it  injects  a  certain  amount 
of  salivary  fluid  into  the  wound  (presumably  to  keep  the  blood 
from  clotting  at  the  puncture)  and  with  this  fluid  go  many  of 
the  sporozoites.  Thus  a  new  infection  of  malaria  is  made. 
The  sporozoites  may  lie  in  the  salivary  glands  for  several  weeks, 
and  so  for  the  whole  time  from  twelve  to  fourteen  dtLVs  after 
the  moscjuito  has  Viecomc  infected  ^*ith  the  malarial  |>ara$ite 
by  Hurkin^  l)kKKl  from  a  malarial  patient  imtil  the  5*}x>rozoit« 
in  the  salivary  plancis  finally  die,  it  is  a  means  of  tho  clissemini- 
ticm  of  the  (iis(»as(».  Thorc  can  be  no  malaria  without  mner- 
qiiitoos  to  propapito  and  (liss<»minate  it,  and  yet  no  nios<|uit(h> 
can  proi)apato.ancl  dissoniinate  malaria  without  having  accf* 
to  malarial  patients.  Tho  only  moscjuito  species  in  this  countr>' 
which  has  InM'n  provcMl  to  l)c  a  malaria  disseminator  is  AnojJi- 
eles  mnnilij>ctnu'i<,  a  s]K)t tod-winged  form  spread  over  the 
wholo  continont. 

In  tlio  ^roat  branch  or  phylum  of  flatworms  (Platyhelmin- 
thos).  that  ^roup  of  animals  which  of  all  the  princijial  aninuJ 
prou|)s  is  wi<i«'st  in  its  distribution,  iK^rhajw  a  majority  of  tho 
s|KM*ios  arc  parasites.  Instead  of  Ixun^  the  exception,  xhx 
parasitic  life  is  the  riUe  among  th(»so  worms.  Of  the  thnv 
chuvS4's  into  which  the  flatworms  are  divided,  almost  all  of  xhv 
menilMTs  of  two  of  the  classics  are  parasites.  The  common 
taiM'Wonn  {Tania)  (Kig.  212),  which  liv<*s  parasitically  in  XU- 
intestine  of  man,  is  a  jr<H>d  example  of  one  of  these  claives- 
It  has  tin*  form  of  a  narrow  ribbon,  which  may  attain  th** 
length  of  .s4'v«Tal  yards.  attacluHl  at  one  end  to  the  wall  of  thf 
int(*stine.  tin*  remaindiT  hanging  fnvly  in  the  interior.  It* 
V  is  composiMi  of  segnuMits  or  serially  arranged  part>.  oi 
h  there  are  alMiut  eight  hundriHl  and  fifty  altogether.     It 
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Iiiis  no  month  nor  alimentary  canal.  It  fpp<lH  simply  by  ab- 
Hirl)inK  into  its  liiiily,  through  the  surface,  tlic  niitriliotui, 
iilrcaily  (ligcslcil  li(|iii<l  food  in  the  intestine.  There  are  no 
eyes  n<ir  <)ther  sjK'cial  wiiHe  orKaiis,  nor  any  orfrans  of  loromo- 
tiiin.  Tlie  Ixwly  i«  very  dcRern'rate.  The  life  hisiory  of  the 
la|R-w(irin  In  interortting,  ln-eausc  of  the  neeeswity  of  two  hoHtB 
for  ils  completion.  The  eggs  of  the  tapeworm  pans  from  the 
inlesiine  with  the  exerela,  and  must  lie  taken  into  the  body 
of  some  other  animal  in  order  to  de- 
velop. In  the  eiuse  of  one  of  the  several 
s|N-i'ies  of  lajK-worms  that  infcHt  man, 
this  other  ho8t  must  l>e  the  pig.  In 
the  alimentary  eanu!  of  the  pig  the 
yonng  tai>eworm  develops  and  later 
bores  its  way  throxigh  the  walls  of  the 
canal  and  Iweoines  imbedded  in  the 
muscles.  There  it  lies,  until  it  finds  its 
way  into  the  alimentary  canal  of  man 
by  his  eating  the  flesh  of  the  pig.  In 
the  intestine  of  man  the  tapeworm  con- 
tinues to  develop  until  it  becomes  full 
grown. 

In  a  lake  in  Yellowstone  Park  the 
BU<-kors  are  infestetl  by  one  of  the  flat- 
worms  (J.iifiila)  that  attains  a  size  of 
nearly  one  fourth  the  size  of  the  fish  in 
whose  intestines  it  lives.  If  the  tape- 
worm of  man  attained  such  a  compara- 
tive .size,  a  man  of  two  hundred  pounds'  weight  would  be  in- 
fested l)y  a  parasite  of  fifty  pounds'  weight. 

.\nother  group  of  animals,  many  of  whose  members  are 
parasites,  are  the  roundworms  or  threadworms  (Nemathel- 
minthes).  The  free-living  roundworms  are  active,  well- 
organized  animals,  but  the  parasitic  kinds  all  show  a  greater 
or  less  degree  of  degeneration.  One  of  the  most  terrible  para- 
sites of  man  is  a  roundworm  called  Trichina  gpiraiit  (Fig.  213). 
It  is  a  miniile  worm,  from  one  to  three  millimeters  long,  which 
in  its  uiltdt  condition  lives  in  the  intestine  of  man  or  of  the  pig 
or  ()l!nT  mammals.  The  young  are  bom  alive  and  bore  through 
the  walls  of  the  intestine.  They  migrate  to  the  voluntary 
muscles  of  the  hosts,  especially  those  of  the  limbs  and  back, 
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■0  euuu  worm  coils  itself  up  in  a  muHcic  fiber  and  I 
wl  in  a  spiaille-slmi>ed  cyst  or  cell  (Fig.  '213).  . 
ic  may  be  itiTestetl  by  liundreds  of  tbousands  i 
''c  worms.  Il  lias  been  estimatctl  that  fully  nnt  huocbfd 
fi  cney»t(Hl  worms  may  exist  in  the  muscUw  of  a  "tricbiit- 
human  body.  The  muscles  undergo  more  or  Ins  At- 
lerittioii,  and  the  death  of  tlie  liost  may  occur.  It  Is  neetamrf, 
for  the  further  development  of  the 
wortiiR,  thai  the  thwh  of  the  hoot  \» 
euteti  by  another  matnmal,  as  the 
fl(«h  of  the  pig  by  man,  or  the  flesh 
of  man  by  a  pig  or  rut.  The  TncAiiM 
in  the  alimentary  canal  of  the  nrv 
lioet  develop  into  active  adult  wurtm 
and  produce  new  young. 

In  the  Yellowstone  Lake  the  iroul 
are  infeeted  by  the  larvE  or  yoiUHE  of 
a  roundworm  {Bothriofep/tattts  eari^ 
ccp»)  which  reach  a  length  of  Iwcntv 
inchcA,  and  which  are  ori4?!n  found 
.itilched,  as  it  were,  through  the  vis- 
cera and  the  muscles  of  the  fiah.  Thr 
infested  trout  become  feehlc  and  die, 
or  arc  eaten  by  the  pelicans  which  full 
in  this  lake.  In  the  alimentary  canal 
of  the  pelican  the  womis  beoooac 
adult,  and  parts  of  the  worms  roo- 
•.  M«ie;  b.  ry.i:  r.  famkip,  lajning  cggs  escape  from  the  »&• 
menliiry  canal  with  the  excretA.  Thetn 
portions  of  worms  are  eaten  by  the  trout,  and  the  eggs  fpve 
birth  to  new  wormii  which  develop  in  the  IxHliea  of  the  fiah 
with  disastrous  effects.  It  is  i^iinmled  that  for  caeh  peliran 
in  Vrllc)i,v.-i|.iii<-  l.i.l;i-  over  fiv,-  rutllio!!  I'KKs  of  the  ]>ttra*itic 
worms  arc  discharged  into  the  lake. 

The  young  of  various  carnivorous  animals  are  often  infested 
by  one  of  the  ajwcies  of  roundworms  called  "pup  worms" 
{(inrinaria).  Recent  investigations  sliow  that  thousands  of 
the  yoimg  or  pup  fur  seals  arc  destroyed  each  year  by  these 
parasites.  Tlie  cggx  of  the  worm  lie  through  the  winter  in  the 
sands  of  the  bn^nling  groimds  of  the  fur  seal.  The  young 
receive  them  from  the  fur  of  the  mother  and  the  wtvm  de- 
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vclo|»  ill  Ihc  wpiwr  inti^litie.     It  fpctls  nii  tlif  Vi|(mh1  of  the 
yoiiiitf  M-a\,  wliirh  lliiully  liics  rroiii  iiiiirin'm.     On  llie  s»nd 

lK-»flii-H  i.f  tlif  soul  isliiiuls  in   Hcrini;  Scji  there  arc  cviTV  jvar 
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thixisiiiiib  fif  liead  seal  pu|«  which  huve  Ik-pii  killpU  by  this 
parasite  (Fig.  214).  On  the  roclcy  rookeries,  the  young  seoln 
are  not  afTocted  tiy  tbU  parable. 


Among  the?  more  highly  orp;Anizi'il  Aniinali<  tlit^  rmtilts  of  a  ' 
intic  life,  Id  degroe  of  striiclural  dcgptiorulion,  ran  be  more 
lily  seeo.  A  well-knoH-u  paraaile,  belonging  to  the  Crtu- 
A — the  class  of  shrimps,  crabs,  lobsters,  unci  crair'fishes — ia 
■sulina.  The  young  Siwatlina  (Fig.  216,  A)  is  an  active,  fmv  ! 
uning  larv'n  much  like  &  young  prawn  or  young  crab.  But 
adult  bears  absolutely  no  resemblance  to  such  a  typiral 
dtacean  as  a  crayfish  or  crab.     The  Sarnilinn  aflrr  u  »lian 


period  of  independent  existence  attaches  itself  to  the  abdomen 
of  a  crab,  and  there  completes  its  development  while  living  as  a 
parasite.  In  its  adult  condition  (Fig.  215,  C)  it  is  simply  a  gremt 
tumorlike  sac.  hearing  many  delicate  rootlike  suckers  which 
penetrate  the  Ixxly  of  the  crab  host  and  absorb  nutriment. 
The  Sacctilina  has  no  eyes,  no  mouth  parts,  no  I^p,  Cff  other 
appendages,  and  hardly  any  of  the  iLsual  organs  except  re- 
productive organs.     Degeneration  here  is  carried  very  far. 

Other  parasitic  crustacea.  as  the  numerous  kinds  of  fish 
lice  (Fig.  216)  which  live  attacluMi  to  the  gilb  or  to  other  parts 
of  fish,  and  derive  all  their  nutriment  from  the  body  of  the 
fish,  show  various  degrees  of  degenerntion.  With  some  of 
these  fish  lice  the  female,  which  looks  like  a  puffed-out  worm, 
is  attachcil  to  the  fi-th  or  other  aqnntic  animal,  while  the  male. 
which  is  perhaps  only  a  tciitli  of  the  size  of  the  female,  ia  per- 
manently attached  to  the  female,  living  parasitically  on  her. 
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Amunj;  the  insects  there  are  many  kinds  that  live  para- 
sitically  for  part  of  their  life,  and  not  a  few  that  hve  as 
parasites  for  their  whole  life.  The  true 
sucking  lice  and  the  bird  lice  live  for 
their  whole  lives  as  external  parasites 
on  the  bodies  of  their  host,  but  they 
are  not  fixed — that  is,  they  retain  their 
legs  and  [lower  of  locomotion,  although 
they  have  lost  their  wings  through  de- 
generation. The  eggs  of  the  lice  are 
dp|)osited  on  the  hair  of  the  mammal 
or  bird  that  serves  as  host;  the  young 
hatch  and  immediately  begin  to  live  as 
imrosites,  either  sucking  the  blood  or 
feeding  on  the  hair  or  feathers  of  the 
host.  In  the  order  Hymenoptera  there 
are  several  families,  all  of  whose  mem- 
bers live  during  thoir  larval  stage  as  parasites.  We  may 
call  all  these  hymenopterous  parasites  ichneumon  flies.  The 
ichneumon  flies  are  parasites  of  other  insects,  especially  of  the 
larvo!  of  beetles  and  moths  and  butter- 
flies. In  fact,  the  ichneumon  flica  do 
more  to  keep  in  check  the  increase  of  in- 
jurious and  destructive  caterpillars  than 
do  all  our  artificial  remedies  for  these  in- 
sect pests.  Tlie  adult  ichneumon  fly  is 
four-winged  and  lives  an  active,  indepen- 
dent life.  It  lays  its  eggs  either  in  or  on 
or  near  some  caterpillar  or  beetle  grub, 
and  the  young  ichneumon,  when  hatched, 
burrows  into  the  body  of  its  host,  feed- 
Fio.  217.— The  ichnni-  ing  on  its  tissucs,  but  Hot  attacking  such 
mon  fly.  p>mpia  mn-  organs  as  the  heart  or  nervous  ganglia, 
in  ih«  riB'oem  of  ibe  whose  injury  might  mean  immediate  death 
Amfrican  lent  ciw-  to  the  host,  Thc  Caterpillar  lives  with  the 
rHkr-  "'bo''i  Mt'rlj  '''hncumon  grub  within  it,  usually  until 
»».)'  nearly  time  for  its  pu(>ation.     In  many 

iastnnci-s,  indeed,  it  puiiates  with  the 
parasite  still  feeding  within  its  IxkIv,  but  it  never  comes  to 
maHirity.  The  larval  ichneumon  fly  pupates  either  within  thc 
body  of  its  host  (Fig.  218)  or  in  a  tiny  silken  cocoon  outside 
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wi  ontty.     From  tlio  cdcoons  iho  (uliilt  winp»<i  ichnciittmn 

'^mi-rgc.  and   after  timting  find  anothrr  host   un   whuM 

to  lay  Uieir  pgg«. 

ijne  of  the  nux^t  remarkable  ichneumon   flics   i&  Thalato 

'.    219),    which    has    a    very   long,    slender,    ficxililr    ovi- 

,itor,  or  pgs-laying  organ.     An  insect  known  iw  the  piRMw 

itail   (Trcmex  colnmba)   (Fig.  220)  deixwita   its    e^yEx,    lir 

IB  of  a  Htronfi,  picrnng  ovipositor,  half  an  inch  deep  in 

e  iTunk  wood  of  gr'^wing  trees.     The  young  or  larval  Trrmri 

a  soft-bodied  white  grub,  which  bores  deeply  into  the  tnink 

•"  the  tree,  filling  up  the  btUTOW  behind  it  with  smail  chips. 

i  ThaUsaa  is  a  parasite  of  the  Tremex,  and  "  when  a  female 

inaletBa  finds  a  tree  infested  by  Tremex,  she  selecta  a  i^ace 


which  she  judges  is  ojiposite  a  Tremex  biirrow,  and,  elevating 
her  long  ovipositor  in  a  loop  over  her  baek,  with  ita  tip  on  the 
bark  of  the  tree  (Fig.  221),  slie  makes  a  derrick  out  of  her  body 
and  proceeds  with  great  skill  and  precision  to  drill  a  hole  into 
the  tree.  Wlien  the  Trrmex  biirrow  is  reached  she  deposits 
an  egg  in  i(.  The  larva  that  hutches  from  this  egg  creeps 
along  thi.s  burrow  until  it  reaches  its  victim,  and  then  fastens 
itself  to  the  liorntnil  larvii,  which  it  ilewtro\-s  by  sucking  its 
blood.  The  liirvii  of  TfuiU-ssa,  when  full  grown,  changes  to 
a  pupa  witliin  the  burrow  of  itH  host,  anil  the  adult  gnaws 
a  hole  oiu  Ihniugh  the  biirk  if  it  does  mil  fin<i  the  bole  already 
made  by  (lie  Trnnrx." 

The  Ixt'tles  of  the  family  Stylopidie  present  an  interesting 
case  of  paraKili>m.  The  iidull  males  are  winged,  but  the  adult 
females  art-  windless  jiiid  grubiike.  The  larval  stylnpid  at- 
taches itself  tci  a  wasp  or  a  \»t\  and  Ihim-j  into  its  aVxlomen. 
It  pupates  williin  llie  abiiiiinen  of  the  wasp  <ir  bee,  and  ties 
there  with  lis  heail  projecting  slightly  from  a  liuture  between 
two  of  the  Ixxly  rings  of  its  host. 
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Almost  all  of  the  mitm  am)  tickx,  aniiniilH  ullitHl  to  th« 
i»l>iiU'rs,  live  panutitieall}'.     Most  of  them  live  as  external  para- 
sites, siickiDK  the  blood  of  their  host,  but  some  live  under- 
neath the  skin  like  the  itch 
mites  (Fig.  222),  which  cause, 
in   man,  the  disease   known 
08  the  it  eh. 

Among  the  vertebrate  ani- 
mals there  are  not  many  ex- 
amples of  true  parasitism. 
The  hugfishes  or  borers 
(^fyx^ne,  etc.)  have  been  al- 
rea<ly  mentioned.  Those  are 
lung  and  cylindrical,  eeUikc 
creatures,  very  slimy  and 
very  low  in  structure.  The 
mouth  i.s  without  jaws,  but 
forma  a  sucking  disk,  by 
which  the  hagfish  attaches 
itself  to  the  body  of  some 
other  fish.  By  means  of  the 
rasping  leoth  on  its  tongue, 
it  makes  a.  round  hole 
through  the  skin,  usually  at 
the  throat.  It  then  devours 
all  the  muscular  suljstance 
of  the  fish.  lea.ving  the  vis- 
cera untouched.  When  the 
fiah  finally  dies  it  is  a  mere 
hulk  of  skin,  scales,  Imnes, 
and  viscera,  nearly  all  the 
muscle  l>eing  gone.  Then 
the  hagfish  shps  out  and  at- 
tacks another  individual. 

The  lamprey,  another  low 
fi.-;li,  in  similar  fashion  fee<Is  leechlike  on  the  blood  of  other 
fi.shes,  which  it  obtains  by  lacerating  the  flesh  with  its  rasp- 
like  teeth,  remaining  attached  hy  the  round  sucking  disk  of 
its  mouth. 

Certain  birds,  as  the  cowbird  and  the  European  cuckoo. 
have  a  pnra.-!itic  habit,  laying  their  eggs  in  the  nests  of  other 
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B.  leaving  their  young  to  lie  halrtioii  iiiiH  iT«red  by 
nilling  hoBlB.     This  is,  however,  not  iHKlily  para»ili.sni, 

a«    h    Kwn    tiiiioni;     lower 
fornta. 

We  may  ivlso  note  llmt 
parasitism  and  coiue(|uait 
structural  (iegt>n(Tation  an 
not  at  all  runline>i  (o  ani- 
mala.  Many  plants  mn 
{Mtra^ites  and  flhow  marknl 
dcKcnerativir  charadrri»itiea, 
Tlie  dodder  ia  a  famJlutr 
examplf.  rlinging  to  living 
green  plants  ami  thrusting 
'Ha  iiausloria  or  rootlike 
™;a>n(u.  w.ii.  .ifimii  irniriiKoviD-wiiM.  siickprs  into  tlipir  tissue  to 
draw  from  thorn  alrcadj^ 
clalxirated  nutritive  sap.  Many  fungi  like  the  mats  of  ceraUs, 
the  mildew  of  roseii,  etc.,  are  parasitic.  Numerous  plants,  too. 
are  parasites,  not  on  ottier  plants,  but  on  animals.  Among 
these  are  the  hosts 
of  bacteria  (sim- 
plest of  the  one- 
celled  phints)  that 
swarm  in  tlie  tis- 
sues of  all  animals, 
some  of  which  arc 
causal  agents  of 
some  of  the  worst 
of  human  and  ani- 
mal diseases  (as 
typhoiti  fever,  diph- 
theria, and  cholera 
in  man,  anthrax  in 
cattle).  Tlierc  are 
also  many  more 
highly     organized 

fungi  like  the  whole  family  nf  Kntoinoplithorie,  and  the  genua 
Sporolrifhiim  that  live  in  iinil  on  the  IkkIics  of  insects,  often 
kiUing  lliem  by  myriad.s.  One  of  the  great  checks  to  the 
ravagcii  of  the  com  and  wheat -infesting  chinch  bug  (Bluttu 
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leiicoplfTtts)  of  the  Mississippi  Valley  is  a  parasitic  fungtis  (SporO' 
trickum  globuliferum).  In  the  autumn,  house  flies  may  often 
be  seen  dead  against  a  windowpane  surrounded  by  a  delicate 
ring  or  halo  of  white.  This  ring  is 
composed  of  spores  of  the  fungus,  Em- 
piiwi  aphidis,  which  has  grown  through 
all  the  tissues  of  the  fly  while  alive, 
finally  resulting  in  its  death.  Tlie 
upores  are  thrown  off  from  tiny  fruit- 
ing hyphsG  of  the  fungus  which  have 
grown  out  through  the  body  wall  of 
the  insect.  And  they  serve  to  inocu- 
late other  flies  that  may  come  near. 

Just  as  in  animals,  so  in  plants; 
parasitic  kinds,  especially  among  the 
higher  grou|>s  aa  the  flowering  plants, 
oflon  show  marketi  degeneration.  I^&vcs 
may  be  reduced  to  mere  scales,  roots  arc  lost,  and  the  water- 
conducting  tinsues  greatly  reduced.  This  degeneration  in  plants 
naturally  affects  primarily  those  parts  which  in  the  normal 
plant  are  devoted  to  the  gathering  and  elaboration  of  inor- 
ganic food  materials,  namely,  the  leaves  and  stems  and  roots. 


3.  Ctrdictpi,  ttomat  m 


The  flowers  or  reproductive  oi^na  usually  retain,  in  parasites, 
all  of  their  high  development. 

While  parasitism  is  the  principal  cause  of  degeneration  of 
animals,  other  caunes  may  be  also  concerned.  Fixed  animals 
or  animals  leading  inactive  or  se<lcntary  Uvea,  also  become 
degenerate,  even  when  no  parasitism  is  eoncerned.  The  tunl- 
cata  or  s'-a  .'^quirt.■^  (Fig.  224)  are  animals  whose  simplicity  of 
slnictun-  ia  duo  to  degeneration  from  the  acquisition  of  a 
se<lentary  habit  of  life. 

The  young  or  larval  tunicate  Is  a  free-swimming  active  tad- 
polelikc  creature  with  organs  much  like  those  of  the  adult  of 


ill  young  vcrtcbriiliw,  iiiul  ia 
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picst  Hshc^  or  fusillike  forms.  Tliitt  in,  the  »ca  I 
J  life  as  a  primitively  simple  vertebrate.  It 
s  larval  stage  a  tiotochord,  the  dplicatc  stnicture  i 
M!«de9  lli<>  formation  of  a  backbone,  extending  aluti|c  ibe 
»r  part  of  tht-  Iwhly,  Mow  the  »ipirml  cord.  It  m  fouiMl 
haraeteristic  of  the  bnuich. 
Tlie  other  orgaiui  of  th« 
yoiiit);  tunicate  are  all  of 
v<TltlirRl  type,  Btit  the 
young  fiCR  Miiiirt  passes  a 
period  of  active  atiil  frre 
life  as  a  little  fii«h,  aftit 
which  it  scttlefl  don~n  and 
attach(«  itHelf  tti  a  dtone 
or  shell  or  wooden  [mct 
by  nte-aim  of  surkent,  and 
remains  for  the  rest  of  its 
life  fixed.  Intit^ad  of  go- 
iiig  on  and  iifveliii»ing  inin 
a  fi^ihlike  creature,  it  hmr* 
its  notoeliord,  ila  spcHal 
Ronse  organs,  and  otliif 
organs;  it  Iodts  its  com- 
].lcxity  and  high  oi^iaiuah- 
tion,  and  Ix^'Contea  a  "iimtq 
rooicil  Img  with  a  double 
neck."  u  thoroughly  d^ 
gem-rate  animal. 

A  l>arnacle  b  another 
rIi  <|uiesrrnee.  The  bamacW 
arly  to  tlic  crnhs  and  shrimpti. 
hf  egK  (l-'ig-  ^-^5,  /)  is  a  six- 
.  nuK'h  like  a  young  prawn  or 
next  larval  stage  it  has  six 
)miM»utid  eves,  and  two  large 
■cs  an  inde|ii'iuient,  free-ewim- 


example  of  depenonitioii  throi 
are  crustaeeatis  rehitod  most  m 
The  young  liarnacle  yi^l  from  i 
legged,  free-swinuning  naiiplius 
crab,  with  wiriglc  eye.  In  its 
pairs  of  swinuning  Un-t,  two  c 
antennse  or  ftt-lcrs,  and  still  Ij' 


ming  life.  When  il  niiikes  its  liuid  cIkuihc  to  the  adult  con- 
dition, il  attaches  it.self  lo  soiiu-  stonr  or  sliell.  or  pile  or 
ship's  Ixjlloni,  l(jsi-s  its  eoin|H.und  eyes  and  feeh-rs.  deveh>i» 
a  protce(iiiK  shell,  and  gives  U]>  all  ]h)\vit  of  loeiimotion.  Its 
swinmiing  hft  iNt^nic  changetl  into  grasping  organs,  and  it 
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lusps  most  of  its  outward  reaemblances  to  the  other  members 
of  itfl  class  (Fig.  225,  0- 

Certain  insocts  live  sedentary  or  fixed  lives.  All  the  mem- 
bers of  the  family  of  scale  insects  (CoccidR),  in  one  sex  at 
lea8t,  show  degeneration  that  has  been  caused  by  quiescence. 
One  of   these   coccids,  called   the   red   orange  scale,  is  very 


abundant  in  I'loriila  nn<l  California  and  in  other  orange-prow- 
ing  regions.  The  male  is  a  beautiful,  tiny,  two-«nngod  mi<lgp, 
but  the  female  is  a  wingless,  footless  little  sac  without  eyes  or 
other  organs  of  sixrial  sense,  and  lies  motionless  under  a 
fiat,  lliin,  circular,  reddish  scale  composed  of  wax  and  two 
or  lliree  cast  skins  of  the  insect  itself.  Tlu-  iiLsert  has  a  long, 
blender,  flexible,  sucking  l>eak,  which  is  thnwt  into  the  leaf  or 
stem  or  fruit  of  the  orange  on  which  the  "scale  bug"  Hvesand 
tliriiugli  wliidi  the  insect  sucks  the  orange sii{i,  which  is  its  only 
fiHxi.    It  lays  eggs  iir  gives  birth  t(»  y<»img  under  its  liody,  under 


I 
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thp  protecting  wax  Bcale,  and  dies.  From  the  egjp  hatrti  ariite 
little  Iftiral  sculc  biigg  with  eyes  and  fwlera  and  six  legs.  Thrj- 
crawl  from  under  the  wax  scale  and  roam  about  over  the  onnfje 
tree.  Finally,  they  settle  down,  thrust  thdr  sucking  hrak 
into  the  plant  tissues,  and  cast  their  skin.  Thp  fcntalcfi  lose 
at  this  molt  their  legs  and  eyes  ami  fwUTs.  Eoch  boromr*  » 
mere  motionlem  fw«  rapaibfe 
only  of  Kucking  up  nap  ami 
of  laying  prkh.  Tht-  ynung 
niaW,  htiwevrr,  lose  their 
siK-king  btak  and  can  no 
longer  take  food,  hut  thet 
giiiti  n  )iuir  of  wings  and  an 
additional  pair  of  eyt-s.  Thry 
fly  about  ami  fertilizf  the 
sadike  femnlm,  which  thm 
molt  again  and  arfTctc  the 
thin  wax  scale  over  them. 

Throughout  the  animal 
kingdom  loss  of  tlie  neetl 
of  movement  b  foUownl 
by  the  loss  of  the  [xiwcr 
to  move,  and  of  all  struc> 
tures  related  to  it. 

Ixiss  of  cerlwii  orgam 
may  occur  Ihroueh  oth<T 
eaosi-d  than  paraaitism  and 
a  hxctl  life.  Manj-  insects 
live  but  a  short  time  in 
their  adult  stage.  May  flies 
live  for  but  a  few  hours 
or,  !it  most,  a  few  days.  Tliey  do  not  need  to  take  food  to 
sustain  life  for  so  short  a  time,  and  so  thoir  mouth  parts  ha^■e 
become  rndimrntary  and  funet ionte.ss  or  are  entirely  lost. 
This  Is  true  iif  some  moths  and  numerous  other  specially  short- 
lived insi-els.  Among  the  social  in.ioets  the  workers  of  the 
termites  anc|  uf  the  (rue  ani.s  arc  wingli^ss.  allhriugh  they  are 
Uirn  of  witiKifl  parents,  jtnil  are  dcscemlaiUs  of  winged  ancestors. 
Tlie  iiii)difii-!iiion  nf  siructiire  deiwudenl  u]Nm  the  division  of 
lalxir  am<mg  the  individui<U  of  the  ciimmunity  has  taken  the 
form,  in  llie  case  of  the  workersi  of  a  degeneration  in  the  loas  of 
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f)ip  winga.  Insocta  that  live  in  caves  are  mostly  blind;  they 
Imvp  lost  the  eyoti,  wliofl<>  function  coiihl  not  l>e  <>xerciRr()  in  the 
(larkneiw  of  the  cave.  Certain  island-inhabiting  iiiHcrtx  have 
h>st  their  wing«,  flight  being  attended  with  t<K)  murh  danger. 
The  strong  sea  breezta  may  at  any  time  carry  a  flying  inacct 
off  the  small  island  to  sea.  Probably  only  those  whieh  do  not 
fly  much  survive,  and  so  by  natural  selection  wingless  breeds 
or  species  are  produced.  Finally,  we  may  mention  the  great 
motlitications  of  structure,  often  resulting  in  the  loss  of  certain 
organs,  which  take  place  to  produce  protet^tive  resemblances 
(see  (liapter  XIX).  In  such  cases  the  IxMly  may  be  modified 
in  color  and  sha(X!  so  as  to  resemble  some  part  of  the  environ- 
ment, and  thus  the  animal  may  l>e  un{)erceived  by  its  enemies. 
Many  inm-cls  have  lost  their  wings  through  this  cause. 

When  we  say  that  a  parasitic  or  quiescent  mode  of  life  leads 
to  or  causes  degeneration,  we  have  explained  the  stimulus  or 
the  ultimate  reason  for  the  degenerative  changes,  but  we  have 
not  shown  just  how  parasitism  or  quiescence  actually  produces 
these  changes.  Degeneration  or  the  atrophy  and  disappear- 
ance of  organs  or  parts  of  a  body  is  often  said  to  be  due  to  dis- 
use.  That  is,  the  disuse  of  a  part  is  believed  by  many  natural- 
ists to  be  the  sufficient  cause  for  its  gradual  dwindling  and  final 
loss.  That  disuse  can  so  affect  parts  of  a  body  during  the  life- 
time of  an  individual  is  true.  A  muscle  unused  becomes  soft 
and  flabby  and  small.  Whether  the  effects  of  such  disuse  can 
be  inherited,  however,  is  open  to  serious  doubt.  Such  in- 
heritance must  be  assumed  if  disuse  is  to  account  for  the  gradual 
growing  less  and  final  disappearance  of  an  organ  in  the  course 
of  many  generations.  Some  naturalists  believe  that  the  results 
of  such  disuse  can  be  inherited,  but  as  yet  such  belief  rests  on 
no  certain  knowledge.  If  characters  acquired  during  the  lif^ 
time  of  the  individual  arc  subject  to  inheritance,  disuse  alone 
may  explain  degeneration.  If  not,  some  other  immediate 
cause,  or  sonic  other  cause  along  with  disuse,  must  be  found. 

We  are  accustomed,  perhaps,  to  think  of  degeneration  as 
necessarily  implying  a  disadvantage  in  life.  A  degenerate 
animal  is  considere<l  to  be  not  the  equal  of  a  nondegenerate 
animal,  and  this  would  be  true  if  both  kinds  of  animals  had  to 
face  the  same  conditions  of  life.  The  bhnd,  footless,  simple, 
degenerate  animal  could  not  co|)e  with  the  active,  keen-sighted, 
highly  organized  nondegenerate  in  free  competition.     But  free 
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n  is  exactly  what  tlio  dt'gpiK'rntc  animtil  hiu>  nolhiac  I 
i'<j  wiin.     tVrtainly  iIip  Stuxulina  livea  Hvii-resBf uUy ; 

adapted  for  its  owni  [H-culiar  kind  <if  life.  For  tlip  life-  of  •  ^ 
le  insect,  no  l)etter  ty|»e  of  etructure  could  be  ilevbnl.  A 
rastte  enjoys  cert&in  obvious  advantages  in  life,  and  «vm 
-^ttreme  degeneration  is  no  drawback,  but  rather  fs\'ora  it  in 
ie  advantagcousness  of  its  elieltered  and  easy  lif<'.  As  Vaog 
as  the  host  is  succesafid  in  eluding  its  pnoniies  und  avaidinf: 
accident  and  injury,  the  |mrasite  is  safe.  It  needs  U>  cxrrrii* 
no  activity  or  vigilance  of  it»  own;  its  lifp  i?,  easy  a»  long  as  iu 
host  lives.  But  the  disadvantages  of  purasitism  anil  di-gt-nrn- 
tion  are  apparent  also.  The  fate  of  the  parasite  is  usually 
bound  up  with  tlie  fate  of  the  liost.  Wlicii  the  enemy  of  the 
host  crab  prevails,  the  SaeciUina  goes  down  without  a  chnnnr  lo 
struggle  in  its  own  defense.  But  far  more  tmix>rt»ni  tluui 
the  disadvantage  in  sueh  particular  or  individual  cases  is  ili«- 
disadvantage  of  the  fan  (hal  llu-  panisite  cannot  adapt  i'-i-'.f 
in  any  considerable  degree  to  new  conditions.  It  has  become 
so  si>ecializcd,  so  greatly  modified  and  changed  to  adapt  itself 
to  the  one  set  of  conditions  under  which  it  now  Uvea,  it  has 
gone  so  far  in  its  giving  up  of  organs  and  body  parts,  that  if 
present  conditions  should  change  and  new  ones  come  to  exist, 
the  parasite  coidd  not  adapt  itself  to  them.  The  independent, 
active  animal  with  all  its  organs  and  alt  its  functions  intact, 
holds  itself,  one  may  say,  ready  and  able  to  adapt  itself  to  any 
new  conditions  of  life  which  may  gradually  come  into  existence. 
The  parasite  ha.s  risked  everything  for  the  sake  of  a  sure  aal 
easy  life  under  the  i)ri'Mently  existing  conditions.  Change  of 
conditions  means  its  extinction. 


CHAITER  XVIII 

MUTUAL  AID   AND    COMMUNAL    LIFE    AMONG 

ANIMALS 

More  ancient  than  competition  is  combination.  The  little  feeble 
fluttering  folk  of  God,  the  spinning  insects,  the  little  mice  in  the 
meadow,  the  rat  in  the  cellar,  the  crane  in  the  marshes  or  the  booming 
bittern,  all  these  have  learned  that  God's  greatest  word  is  together 
and  not  alone.  He  who  is  striving  to  make  God's  blessing  and  bounty 
possible  to  most  is  stepping  into  line  with  nature.  The  selfish  man  is 
the  isolated  man. — Oscar  Carlton  McCulloch. 

Man  is  not  the  only  social  animal,  nor  the  only  animal 
species  whose  individuals  live  in  mutually  advantageous  rela- 
tions with  each  other,  and  in  mutually  advantageous  relations. 
vnih  individuals  of  other  animal  kinds.  Just  as  man  lives 
communally  and  mutually  helpfully  with  other  men,  so  do  the 
members  of  a  great  honeybee  or  ant  conmiunity  live  together: 
and  as  we  find  various  other  animals  as  dogs,  horses,  and  doves 
living  under  the  care  and  protection  of  man  and  returning  to 
him  a  measure  of  service  in  work,  companionship,  or  other 
helpfulness  for  his  care  and  feeding,  so  do  we  know  of  hundreds 
of  kinds  of  other  insects  that  live  commensally  with  ants,  each 
party  to  this  commensal  or  symbiotic  life  gaining  something 
from  and  giving  something  to  the  other  party  of  this  arrange- 
ment. Indeed,  the  communal  life  of  such  insects  as  the  social 
bees,  wasps,  and  ants  is  developed  along  true  communistic 
lines  far  more  specialized  than  the  communism  shown  by  man. 

Just  as  students  of  human  society  can  trace  a  series  of  steps 
from  a  very  primitive  living  together  or  communal  life  among 
men  to  the  present  highly  specialized  condition,  so  among  vari- 
ous animals  we  can  find  a  long  series  of  gradatory  conditions  of 
social  life  from  mere  gregariousness  like  that  of  a  band  of  wolves 
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T  a  herd  of  bison,  to  the  pxtremely  specialiied,  intrnli 
id  unified  communjty  of  the  honeybee,  or  ugri  cull  Ural 
rfore  taking  up  this  aerit-s  of  stages  in  true  social  or  coi 
iBvelopment  »niong  the  lower  aniniiils,  liriwcvcr,  wc  may 
ably  give  Bomc  attent  ion  to  the  conditions  of  aninial 
commonly  known  as  commensalism  or  »ymbio«i!«  in  whicb  i» 
dividualfl  of  one  species  are  associatetl  to  tlitur  mutual  advi^ 
tage  with  individuals  of  different  pperieA. 

In  the  relutioDs  of  para^te  and  host,  disc\is9«l  in  the  brt 

chapter,  all  the  advantages  n(  the  association  lie  with  the  pai» 

dte.    The  other  animal  involved,  the  host,  sufTcrs  incoD\-eiii- 

•nce,  injury,  often  untimely  death.     But  in  eommenHaliKra  uti 

mbioais  both  nsanciuling  Itinds  of  animaU  reap  advuntage.V 


i.y  » 


le  lUb  sIlacbM  iIj 


at  least  neither  sufferB  in  any  serious  way  from  the  cPTens  ti 
the  other's  pnsencc.  The  two  kiniis  live  together  in  hannuiT 
and  usually  U>  their  actual  mutual  advantagr.  The  tern 
commensalisni  nmy  be  applied  to  denote  a  condition  nf  ioem 
and  often  noi  obviously  equally  mutual  advantagpotis  s«^ 
elation,  while  symbiosis  is  useil  to  refer  to  a  more  ini  imatf  tW 
persistent  association  with  maylx<  marked  cou|M.'rstion  aid 
mutual  advantage.  A  few  examph^  of  each  arc  given  in  ih 
following  pagra.  Of  course,  no  marked  line  of  demanxtio 
can  Im'  really  drawn  Iwtween  the  two  conditions,  any  tnvt 
than  we  can  establish  a  sharp  distinction  U-twcen  the  ptvi^ 
tory  and  paraiiitic  modes  of  life. 

A  curious  example  of  rommcnsHlism  is  affordtHl  bv  ih» 
different  K|>ecic8  of  Kemoras  (Echenididir)  which  attach  th«»- 
selves  lo  .iliarlv-t,  liarraeudaa,  and  oilu-r  large  fishes  hy  amm 
of  a  sucking  <iisk  on  tl.c  top  of  tlic  head  (Fig.  227).  fl.i*  dir* 
is  made  by  a  mmlificat ion  of  the  dorsal  fin.  The  Remora  tliv 
attaelied  to  a  shark  may  be  carried  aliout  for  weekA,  leaviq 
its  host  only  to  secure  food.     This  is  done  by  a  audden  d^ 
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through  the  water.  The  Remora  injures  the  shark  in  no  way 
save,  jHThjiiKs,  by  the  slight  check  its  presence  gives  to  the 
shark's  si)eed  in  swimming. 

In  the  mouth  of  the  menhaden  (Brevoortia  tyrannus)  a  small 
crustacean  {Cymothv  prcrgustator)  is  almost  always  present, 
always  resting  in  the  front  of  the  lower  jaw.  This  arrange- 
ment is  of  advantage  to  the  crustacean,  but  is  a  matter  of  in- 
difTerenco  to  the  fish.  I^trobe,  who  first  described  this  fish, 
compares  the  crustacean  to  the  pra^gustator  or  foretaster  of 
th(»  Roman  t>Tants — a  slave  use<l  in  pre\'ention  of  iK)isoning. 

Wliales,  similarly,  often  carry  barnacles  about  with  them. 
Tliese  !)arnacles  are  permanently  attached  to  the  akin  of  the 
wliale  just  as  they  would  be  to  a  stone  or  wo<Klen  pile.  Many 
small  crustaceans,  annelids,  mollusks,  and  other  invertebrates 
burrow  into  the  sul)stance  of  living  sponges,  not  for  the  purpose 
of  fwding  on  them,  but  for  shelter.  On  the  other  hand,  the 
little  lK)ring  sponge  (Cliona)  burrows  in  the  shells  of  oysters 
and  other  bivalves  for  protection.  These  are  hardly  true  cases 
of  even  that  lesser  degree  of  mutually  advantageous  associa- 
ti(m  which  we  are  calling  commensalism.  But  some  species  of 
six)ngc  **are  never  found  growing  except  on  the  backs  or  legs 
of  certain  crabs."  In  these  cases  the  sponge,  with  its  many 
[)lantlike  branches,  protects  the  crab  by  concealing  it  from 
its  enemies,  while  the  sponge  is  benefited  by  being  carried  about 
by  the  crab  to  new  food  supplies.  Certain  sponges  and  polype 
are  always  found  growing  in  close  association,  though  what  the 
nuitual  advantage  of  this  association  is  has  not  yet  been  found 
out. 

Among  the  coral  reefs  in  the  South  Seas  there  lives  an 
enormous  kind  of  sea  anemone  or  polyp.  Individuals  of  this 
great  iK>lyp  measure  two  feet  across  the  disk  when  fully  ex- 
[)ande(l.  In  the  interior,  the  stomach  cavity,  which  com- 
mimicates  freely  with  the  outside  by  means  of  the  large  mouth 
o|x»ning  at  the  free  end  of  the  polyp,  there  may  often  be  found 
a  small  fish  (Amphifm'on  percula).  That  this  fish  is  purposely 
in  the  gastral  cavity  of  the  polyp  is  proved  by  the  fact  that 
when  it  is  disloilged  it  invariably  returns  to  its  singular  lodging 
place.  The  fish  is  brightly  colored,  being  of  a  brilliant  vermilion 
hue  with  three  broad  white  cross  bands.  The  discoverer  of 
this  peculiar  habit  suggests  that  there  are  mutual  benefits  to 
fish  and  polyp  from  this  habit.     "The  fish  being  conspicuous, 
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!;<  liuhlc  lo  attttckK,  wliich  iL  rsrap(M>  by  n  n\nt[  rvtrral  tnin  tK' 
sea  anemone;  iM  cneniieH  in  hot  pursuit  liluniiin-  apiinst  ibr 
iiiits|ircml  teiitiiclr^  of  the  ancrnonc  am)  arr  nt  «nrc  nnrrolbrtl 
liy  Ihf  'll)reB4l  cHls'  fihot  out  in  tnnuDirrable  HliHWfiTK  (mm 
_  tlie  tcnl acW,  and  artcrwiAb 
ilranii  into  the  utonuirh  at  the 
anemone  and  dip^stwi," 

Small  fish  of  the  ReiiU)*  .Vmnetu 


V  often  he  found 


ftrcouipuiv 


iiig  the  l)cautiful  IVrrliigaiw 
miin-ot-war  {Phi/*alia)  ax  it  sail* 
elowtv  al>out  on  the  oeeaii'si  sur- 
face (Fig-  228).  These  little  fel. 
lurk  underneath  the  float  and 
among;  Ihe  various  hui|piif 
threadhke  parta  of  the  Phyialia, 
whieh  are  i>rovided  with  Ktinf^ 
ins  cells.  Tlie  Bah  arc  pTxrtected 
from  their  eneinltw  hy  their  pms- 
iniity  to  these  stinging  Ihrawb. 
.^inilarly,  aeveral  kinds  of  nMv 
(hiiwc  are  known  tw  hartior  or  to 
)>c  aceomiianied  by  I  he  ynung 
or   small    adult    fishca    (Comv. 

In  the  ntrnin  of  the  v-anon* 
species  of  ants  and  t«rnulr> 
many  dJITerent  kiiuU  of  other 
insects  have  iH-en  found.  Some 
of  theee  are  harmful  to  thor 
hosts,  in  that  they  feed  on  the 
food  stores  gathemi  by  the  in* 
duMriow*  a»d  prttvident  &nt,  but 
others  apiH-ur  to  fewl  only  on 
refu.-«c  nr  uHi'lew  sulMtancM  is 
Die  DMt.  Some  appear  to  be  of  help  to  their  ho«tn  by  dnuk- 
Ing  the  nesta  and  hy  aecrcling  certain  fluids  much  liketl  by 
the  ants.  Over  one  thousand  species  of  thi«e  myrmeeophikiu» 
(ant-loving)  and  termitophiloua  (termite-loving)  inaeita  liavr 
hwn  recorded  by  collectors  as  living  habitually  in  the  ntsts  of 
ants  and  teraiites.    Many  of  them  (they  arc  mostly  small 
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l>octlefl  and  Bies)  have  lost  their  wingH  and  have  had  tlioir 
licHtios  otherwise  considerably  modified,  usually  in  such  wise 
that  they  come  greatly  to  resemble  in  external  appearance 
the  ants  with  which  they  live.  The  owls  and  rattlesnakes 
which  live  with  the  prairie  do^  in  their  villages  afford  another 
famiUar  example  of  commensalism. 

Of  a  more  intimate  character,  and  of  more  obvious  and 
certain  mutual  advantage,  is  the  well-known  case  of  the  sym- 
biotic association  of  some  of  the  numerous  species  of  hermit 
crabs  and  certain  species  of  sea  anemones.  The  hermit  crab 
always  takes  for 
its  habitation  the 
shell  of  another 
animal,  often  that 
of  the  common 
whelk.  All  of  the 
hind  part  of  the 
crab  lies  inside 
the  shell,  while  its 
head  with  its  great 
claws  project  from 
the  opening  of  the 
shell.  On  the  sur- 
face of  the  shell 
near  the  opening 
there  is  often  to 
be  found  a  sea  anemone,  or  sea  rose  (Fig.  229).  This  sea 
anemone  is  fastened  securely  to  the  shell,  and  has  its  mouth 
opening  and  tentacles  near  the  head  of  the  crab.  The  sea 
anemone  is  carried  from  place  to  place  by  the  hermit  crab, 
and  in  this  way  is  much  aided  in  obtaining  food.  On  the 
other  hand,  the  crab  is  protecte<l  from  its  enemies  by  the 
well-armetl  and  dangerous  tentacles  of  the  sea  anemone.  In 
the  tentacles  there  are  many  thousand  long,  slender  stinging 
threads,  and  the  fish  or  octopxis  that  would  obtain  the  her- 
mit crab  for  food  must  first  deal  with  the  stinging  anemone. 
There  is  no  doubt  here  of  the  mutual  advantage  gained  by 
these  two  widely  different  but  intimately  associated  com- 
panions. If  the  sea  anemone  he  torn  away  from  the  shell 
inhabited  by  one  of  these  rral>a,  the  crab  will  wander  about, 
carefully  seeking  for  another  anemone.     When  it  finds  it,  it 


— Racmlt  cnb  wilhio  m  itwO  on  which  ia 

y  ol  Pudocoryna  conua.     Tbi*  ookny  ia 

nl  dilf«»qt  kind*  of  polyp  individuals,  tba  atJDr- 

■  bcinc  lituated  Blona  Um  front  nuffin  of  lb* 
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struggles  to  loosen  it  from  its  rock  or  from  whatever  it  niai 
Ik>  growing  on,  ami  cUxif  not  rest  until  it  has  torn  it  Ummii'  ami 
placed  it  on  its  shell. 

There  are  mimeroiis  small  crabs  called  pea  rralis  iPiu- 
mriheTefi)  wliiih  live  habitually  iaside  the  shells  of  living  iiiiii-m>Is. 
The  mussels  and  the  crabs  live  together  in  api>arent  liarmony 
and  to  their  mutual  l)enefit. 

The  relations  iM-twccn  ants  and  apliids  (plant  lie*-)  an- 
often  referred  to  in  (Mipnlar  natural  histories  and  lMN>ks  uIhihi 


insecis  :ls  ,.N:[iri|.l.><  ol'  -vuiliio-js  of  unusual  inter.-si.  Ti:- 
forluiiiit.'lv,  li<.«r\,T.  nnt  -lUMi-h  ratvful  ^tudv  h;is  Ih-.-i.  l-jx.t 
to  iiuuiv  i.f  tlir>,-  ;i|.i.;.iit,tlv  inir  .■\:iuL[.U-s"of  svn.1.i..>i<  :-. 
enal.l.-  us  l.,  U-  nTi:,iri  ul  il,,.  trulh  of  the  allcRed  ear,-  ai.i 
guardiiii:  ..|-  th.'  ;.ni-r.>"-.  ■a:'  l.iiitciM-  .-ill..!  these  a|.|ud^,  '.v 
their  inilkrrs.  llie  aiil>.  'ni:il  :uit>  .lu  Mvariti  alnnil  tli.>  :i|.|,i'i< 
to  la[>  U|>  thr  ■■\^.•Ui■^  .!.■«  ■'  rMnt,.!  I,v  ihein  is  wholly  ini-, 
ami  \\\f  \i-v\  )iri-iTiiT  ,ii'  ilir  ,-.li,'ir|'-j:un>d  ami  pugiiiii-i<>^- 
ants  Miu-t  k<-.'|,  i^w-.w  i[i:>nv  rni'iiiit'^  .>t'  ilie  .lefenseless  p|;,ti> 
lie.-.  i>..,il,-,,n.i-  lui.iM.l-  u.r  il,.-  la-lvbml  In-etles.  H..«,.r-Ti\ 
larva' an. I  oth.-r  |.r.'.l:il..rv  inx'-'t-.. 

In  th-  r-.i I   til-  inl.n-iin-  iil;itinu,  U-lw.vn  the  e-.rn 

n.nl  arhi,l.  .1,./,.-  .no.,h.nul^.-i.  ,^i  rhr  \li-i^-~i!.[.i  Vallev  Stal.-s 
and     the     lillle     bni«n     alil  .     Imsu,.<     h,;n„i.  >,:<.     howevvr.     \M' 
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have  the  careful  olwervations  of  IVofessor  Forbes  to  rely  on. 
In  the  Mississippi  Valley,  this  aphid  dejxwits  in  autumn  its 
vilili^  in  the  ground  in  corn  fields,  often  in  the  galleries  of  the 
little  brown  ant.  The  following  spring  lx»fore  the  com  is 
plant (m1,  these  eggs  hatch.  Now,  the  little  brown  ant  is  es- 
iKMMallv  fond  of  the  honev  dew  secreted  bv  the  corn  root  lice. 
So  when  the  latter  hatch  in  the  spring,  l)eforc  there  are  corn 
roots  for  them  to  feed  on,  the  ants  carefully  place  them  on 
the  roots  of  certain  kinds  of  grass  and  knot  weed  (Setaria, 
Polygonum) y  und  there  protect  them  until  the  corn  germinates. 
They  are  then  removed  to  the  roots  of  the  corn.  It  is  prob- 
able that  the  ants  even  collect  the  egg»of  the  aphids  in  the 
autumn  and  carry  them  into  their  nt»8ts  for  protection  and  care. 

The  studies  of  Wheeler  and  others  have  revealed  some 
Intercast ing  cases  of  the  living  together  of  different  species  of 
ants.  In  some  castas  one  of  the  ant  sjwcies  may  be  living  almost 
wholly  at  the  ex|K»nse  of  the  other  species,  as  does  the  little 
yellow  thief-ant,  Solenopsis  molesta.  Although  this  ant  some- 
times lives  in  indejKjndent  nests,  more  often  it  is  to  be  found 
living  in  association  with  some  large  ant  species — it  consorts 
with  many  different  hosts — feeding  almost  exclusively  on  the 
live  larvie  and  pupffi  of  the  host.  The  thief-ant  is  so  small 
and  obscurely  colored  that  it  seems  to  live  in  the  nests  of  its 
host  practically  un|x»rceived.  The  Solenopsis  nest  may  be 
found  by  the  side  of  the  host  nest,  around  it,  or  partly  in  it, 
the  tiny  Solenopsis  galleries  ramifying  through  the  nest  mass 
of  the  host,  and  often  o|)ening  boldly  into  these  large  galleries. 
Through  their  narrower  passages,  too  narrow  to  be  traversed 
by  the  hosts,  the  tiny  thief-ants  thread  their  way  through  the 
host  nest  in  their  burglarious  excursions  (Fig.  245). 

Hut  tliere  are  numerous  casi»s  of  a  less  one-side<l  advantage 
in  the  jissociation  of  different  s|)ecies.  As  an  example  the 
conditions  exhibit(»d  by  the  red-brown  ant,  Myrmica  brevi- 
nodes  and  the  smaller  Leptothorax  emersoni  (conditions  made 
known  by  \Vh(*eler's  careful  observations)  may  be  briefly 
descrilHMl  (Fig.  246).  The  little  Lej)lothorax  ants  live  in  the 
Myrmica  nosts,  building  one  or  more  chanil)ers  with  entrances 
from  tlio  Myrmica  galleries,  so  narrow  that  the  large  Myrmi- 
cas  cannot  get  through  them.  \VlH»n  ntHviing  UhhI  the  Lepto- 
thorax  workers  come  into  the  Myrmica  galleries  and  chambers 
and,  clin\bing  on  the  backs  of  the  Myrmica  workers,  proceed 


I.IIL      ice  and  the  back  of  tlic  head  of  r-arh  host. 
ntca  thus  treated,  says  Wheeler, 

lUsed,  aa  if  spellbound  by  this  shampootng  aod  occaaionalljr  fi 

uitcnniE  aa  if  in  seuauoiw  enjojiripiit.     The  I^rftoOwrar  nfter  B 

Ml/nnica'g  pate,  moved  ita  head  round  to  the  «clc  auil  bifpa  M  i 

K  the  cheeks,  mandilile^,  and  labium  of  the  A/yrmun.     8uch  ftrdnrt  I 

nsriiiation  was  not  bestowed  in  vain,  for  a  minute  drop  of  Itiptid — 

evidently  some  of  the  recently  imbibed  siigar-watcr — ttpiic-aiW  o 

Myrmiai'e  lower  lip  and  was  promptly  tapped  up  by  the  f^epttHhanu. 

The  latter  then  dismounted,  ran  to  another  Myrmiea,  (.-linilNHl  on  it* 

back,  and  repeated  the  very  wune  performance.     Agmin  it  took  lofl 

and  passed  on  to  still  another  Miirmica.    On  lookinf;  about  in  ihs  twA 

I  olwerved  that  nearly  all  the  I^iUothorax  workers  vrm   aimU»rir 

employed." 

Wheeler  believes  that  the  Lepiithnriir  get  frwd  only  in  iliis  way. 
They  letid  their  quocn  aiui  W^a;  by  rc^urgiuiiiuii.  The 
Myrmicas  seem  not  to  resent  at  ail  the  presence  of  their  Lejio- 
thorax  guests,  and  indeed  may  derive  some  benefit  from  the 
constant  cleansing  licking  of  their  bodies  by  the  shampooen. 
But  the  Leplothorax  workers  are  careful  to  keep  their  queen 
and  young  in  a  separate  chamber,  not  accessible  to  their  hosts. 
This  is  probably  the  part  of  wisdom,  as  the  thoughtless  haial  at 
eating  any  conveniently  accessible  pupa;  of  another  species  is 
widespread  among  ants. 

There  are  numerous  interesting  cases  of  symbiosis  in  which 
not  different  kinds  of  animals  are  concerned,  but  animals  and 
plants.  It  has  long  been  known  that  some  sea  anemones 
possess  certain  body  cells  which  contain  chlorophyll,  that  gn?<« 
substance  chnracterislic  of  the  green  plants,  and  only  in  fev 
cases  p<isses.sed  by  animals.  When  these  chlorophyll-bearin;: 
sea  anemones  were  first  found,  it  was  believed  that  the  chlfvo- 
phyll  ccUh  really  Wlonged  to  the  animal's  body,  and  that  this 
condition  broke  down  one  of  the  chiefest  and  most  readily 
apparent  distinctions  between  animals  and  plants.  But  it 
is  now  known  that  these  chiorftphyli-bearing  cells  are  mirn>- 
scopir.  nno-cellod  plants,  green  algie,  which  live  habitually 
in  the  iKtdics  of  the  sea  anemime.  It  is  a  case  of  true  symbiosiit. 
The  algip.  or  plant.i,  use  a.s  food  the  carlmn  dioxide  which  is 
■iven  ofi  in  tiie  respiratory  iirocesses  of  the  sea  anemone,  and 
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tho  soa  anomonp  broathos  in  the  oxygen  given  off  by  the  alga 
in  tho  procefw  <if  extracting  the  rarlK»n  for  food  from  the  car- 
Imn  dioxide.  These  algro,  or  one-celled  plants,  lie  regularly 
only  in  the  innermost  of  the  three  cell  layers  which  compose 
the  wall  or  body  of  the  sea  anemone  (Fig.  231).  They  penetrate 
into  and  lie  in  the  interior  of  the  cells  of  this  layer,  whose  special 
fnnrtion  is  that  of  digestion.  They  give  this  innermost  layer 
of  rolls  a  distinct  green  color.  E^en  certain  amcebalike 
protozoans  have  been  found  to  contain  individunbt  of  a  one- 
cclled  alga,  Chlorella. 
in  their  single-celled 
iMxIies,  the  tiny  ani- 
mal and  smaller  plants 
living  together  truly 
symbiotically. 

Among  the  higher 
plants  and  animals, 
ca.ios  of  symbiosis  are 
not  rare.  There  lives 
in  the  hve-oak  trees 
in  the  vicinity  of  Stan- 
ford I'niversity  a  cer- 
tain scale  insect,  Cero- 
cocota  ehrkomi,  which 
differs  from  the  other 
two  or  three  species  of 
its  genus  in  not  having  it?  body  covered  by  a  heavy,  thick, 
protecting  layer  of  secreted  wax.  But  it  gets  the  needed 
protection  in  another  way.  It  is  always  covered  by  a  tliicl( 
feltlike  fungus  growth,  which  has  been  found  by  investiga- 
tion to  germinate  its  spores  and  to  find  a  constant  food 
supply  in  the  "honey  dew"  excreted  by  the  scale  insects. 
Tliis  feltlike  covering  of  fungus,  never  found  to  be  lacking 
in  the  scale  insect,  serves  apparently  as  a  sufficient  sub- 
stitute for  the  heavy  waxen  mass  common  to  the  related 
sijccies. 

Tl)e  ants  show  particularly  well  instances  of  interesting 
symbiotic  life  with  plants.  Fig.  232,  drawn  from  a  specimen 
sent  to  us  from  the  Philippine  Islands  by  the  botanist  Cope- 
land,  shows  some  details  of  one  such  instance.  The  J)i*- 
ckidiaa  are   milkweeds  of  the  extreme  Orient.     They 


two  iMUtMl  ««U*  (t  Iha  ri^t  iMLna  oalli  of 
Uyar  frith  eoDtuned  al^e:  b.  mlddla  body 
laytr;  c,  oulM  body  nuU  Urw.    (Alter  Hertvi 
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upon  trees  by  means  of  their  flexible  stems  and  Ivanches  and 
are  especially  noted  for  possesRing  appendages  in  the  form  of 
pitchers,  lliese  pitcherlike  appendages  are  modified  leave;: 
the  normal  Ditchidia  leaf  in  orbicular,  thick,  and  fleshy.  Each 
pitcher  is  the  blade  of  a  leaf  folded  ho  that  the  lower  surface 
forma  the  inner  surface  of  the  pitcher.     Into  these  {Mtchcn 


grow  iiilvcHiitiiiiis  rnols  tliiil  s|iririK  friim  the  leaf  peduncle. 
Also  in  ilicsr  piiclu-rs  livr  t-nloTiics  of  ants.  .\rt  rent  for  furnUh- 
inn  lli*"^'"  tfiinfiHiiililc  riiKV  liiilr  ant  Ilium's,  the  Diirhtdia  gets, 
by  means  of  tin-  aihrniitimis  rouls  in  llie  pitclicr.  foo<l  frvnii 
tlif  I'MTfta  an.i  la-laviTS  iif  llic  arils.  IhimlmU  of  ant«  with 
larva'  and  piipa'  can  l>i'  found  in  tlscsi-  Diarhidia  Ipnvos,  anil 
wittiont  ilonl.i  we  have  lure  a  nmmallv  advuntagcoiis  svnt- 
l,i.,ti,.  ,„L,|,l„ti„„. 

IriiTii  \^l'islllilnl^s  cliaptir  on  S_vrnl>iosis  in  hia  "VortriiBr 
i'llHT  lh-.s(;c-ndi'uz(liourii',"  Vol.  1,  \W>,  \vc  translate  the  foUuw- 
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iiig  account  of  the  symbioeis  of  the  Aztec  ants  and  the  imbauba 


"In  the  forests  of  South  Amerira  gjow  the  itnbauba  or  BO-called 
randelabra  trees,  spenes  of  the  f/enua  Cecropia,  which  well  deserve 
tlioir  name,  'candctabra,'  from  the  curious  appearance  i^vcn  them 
by  the  out8])ri]igi[Lf(  bare  branches,  each  bearing  a  tuft  of  leaves  at  the 
free  end.  These  leaves  arc  often  attacked  by  the  leaf-cutting  anls  of 
the  genus  (Ecmlama,  which  roam  by 
tens  of  thousands  over  the  various 
jilaiits  of  the  forest  biting  off  the 
leaves,  that  they  may  fall  to  the  Kround, 
where  they  arc  again  seized,  bitten  into 
pieces  and  the  pieces  canied  into  tlie 
iiesia  of  the  ants.  In  the  nesls  they 
nerve  as  a  medium  on  whii'h  grnw  cer- 
tain molds  or  fungi,  much  likr<]  by  tlie 
anls.  The  candelabra  tree  jirotefts  it- 
self from  these  leaf-robbing  cnenties  by 
an  association  with  another  ant  species, 
AztciM  ittxtalnlvi,  which  finds  safe  dwel- 
ling places  in  the  hollow  trunk  of  the 
tree  and  a  R|)ec'ial  supply  nf  food  in  a 
brownish  Huid  xcrrctcd  by  it.  Along 
the  tree  trunk  occur  in  regular  order 
littk  pits  through  which  the  female 
Azieca  can  easily  Itore  into  the  interior, 
where  she  lays  her  egRs  and  establishes 
colonics,  so  that  soon  the  Interior  of 
the   whole    trunk    swanns    with    ants 

which  rush  nut  whenever  the  tree  is  shaken.  Hut  this  alone  would  not 
scr\'e  to  protect  the  itnliauba  from  the  leaf  cutters,  for  how  could  the 
Aztecs  dwoihng  inside  (he  tree  know  of  the  presence  of  the  light-footo^ 
leaf-cutters  without?  Hut  this  is  arranged  for  by  the  development  O 
the  outside  of  the  tree,  at  the  very  [mints  where  the  danger  is  greatflSl 
naniely,  on  tlie  |>c(i()les  of  the  younger  leavcM,  of  ]>eculiur  little  hair) 
growths  from  which  project  .imall  white  grains  which  are  very  nutri- 
tious and  nut  iinlyezigcrly  eaten  liy  ants,  Init  gitrncnii  liy  them  toearry 
into  their  tie.-it--*,  pn'Muniubly  iis  f<Hid  for  their  hirvic.  llnw  right  wliere 
protecliiin  is  most  needed  the  |>limt  has  develo|>eil  n  sjieeial  (vgan 
attractive  to  the  fierce  .\ztec  ants,  so  that  tla'ir  <x 


1  hraneh  <i* 
tb*  Imbaubm  Im,  Ceeropia.  Ib« 

the  bus  nl  Hth  paliola  (h* 
■moll  tuft  on  Ibe  fau4;  itl  tha 
richt  Bome  of  thin  bnt  food  n^ 
ki|«l.     (After  Hchimper.) 
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IS  an  cffoclive  protection  againat  the  e 

titers,  aa  courage  and  eagemewi  to  lighl  olltfT  antm  is  wlnwilj 

•:t«ristic  of  the  Aztecs.     Not  all  candelabra  tnvs  Uvo  in  symUoM 

Lnts  or  poBscss  this  sperial  protection  aKaiiut  the  ravages  of  tbt 

■cutt«r  species,     Schimpcr  found  in  the  forests  of  Brazil  nevtni 

es  of  Cceropia  ivhich  never  shelter  ants  in  the  cbambprs  <tf  tlw 

w  trunk.     Now  these  species  do  not  develop  the  eurioun  aperial 

i-produciiig  or^ns  at  the  bases  of  the  lenf  petioles.     Thpsr  fpeoM 

K  the  m^ans  of  attracting  and  retainiriK  the  ant  PMPsts.     Only  onr 

:iciee  of  candelalirn  tm-,  Cirropui  i>,lt„hi,  lim.  a<-\'ploi>ed  thiii  omagra 

nent,  and  it  is  plainly  of  no  direct  use  for  the  tree  exoepi  tliroagh  the 

inging  to  it  of  the  protecting  antA." 

There  are,  of  course,  numeroufl  other  examplflfl  known  of  the 
'mbiotic  association  of  plant's  and  animals;  and  if  we  were  to 
low  the  study  of  eymbiosis  into  the  plant,  kingdom  we  shookl 
d  that  in  one  of  the  large  groups  of  i^ants,  the  familiar 
uchens  which  grow  on  rocks  and  tree  trunks  and  old  fences, 
every  member  lives  symbiotically,  A  lichen  is  not  a  «n^ 
plant,  but  is  always  composed  of  two  plants,  an  alga  (chloro- 
phyll-bearing) and  a  fungus  (without  chlorophyll)  living 
together  in  a  most  Intimate,  mutually  advantageous  aasoda- 
tion.  But  we  must  devote  no  more  space  to  the  considerati<Hi 
of  this  fascinating  subject. 

The  simplest  form  of  social  life,  or  the  Hving  together  of 
several  to  many  individuals  of  the  same  species,  is  shown  among 
those  kinds  of  animals  in  which  many  individuals  of  one  apeciea 
keep  together,  forming  a  great  band  or  herd.  In  this  case  then 
is  not  much  division  of  lal)or,  and  the  safety  of  the  individual 
b  not  wholly  lx>und  up  in  the  fate  of  the  herd.  Such  animab 
are  said  to  be  gregarious  in  habit.  The  habit  imdoubt«dlv  ia 
advantageous  in  the  mutual  protection  and  aid  afforded  the 
individuuls  of  the  band.  This  mutual  help  in  the  cose  of 
many  gregarious  animals  is  of  a  very  positive  and  ob>'ious 
character.  In  other  ca.sca  this  gregarioiwness  is  reduced  to 
a  matter  of  slight  or  lcm[>orary  convenience,  possessing  but 
little  of  the  rlemcnt  of  mutual  aid.  Tlic  great  herda  of  rein- 
deer in  the  nortJi,  and  of  llie  bi.son  or  liuffulii  which  once  ranged 
over  till-  Western  .^inrrican  ])lains,  arc  examples  of  a  gregari- 
ousne.ss  ill  which  muiual  jirotcctinn  from  cnemi<'s,  like  wolvm. 
seems  to  be  the  priiH'i]ial  advantage  giiinetl.     The   bands  of 
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wolves  which  hunted  the  buffalo  show  the  advantage  of  mutual 
help  in  aggression  as  well  as  in  protection.  In  this  banding 
together  of  wolves  there  is  active  cooperation  among  individuals 
to  obtain  a  common  food  supply.  What  one  wolf  cannot  do — 
that  is,  tear  down  a  buffalo  from  the  edge  of  the  herd — ^a  dozen 
can  do,  and  all  are  gainers  by  the  operation. 

On  the  other  hand,  the  vast  assembling  of  sea  birds 
on  certain  ocean  islands  and  rocks  is  a  condition  probably 
brought  about  rather  by  the  special  suitableness  of  a  few  places 
for  safe  breeding  than  from  any  special  mutual  aid  afforded; 
still,  these  sea  birds  imdoiibtedly  combine  to  drive  off  attack- 
ing eagles  and  hawks.  Eagles  are  usually  considered  to  be 
strictly  solitary  in  habit  (the  unit  of  solitariness  being  a  pair, 
not  an  individual) ;  but  the  description,  by  a  Russian  naturalist, 
of  the  hunting  habits  of  the  great  white-tailed  eagle  {Halin 
aetos  dlbicilla)  on  the  Russian  stepj^es  shows  that  this  kind  of 
eagle  at  least  has  adopted  a  gregarious  habit,  in  which  mutual 
help  is  plainly  obvious.  This  naturalist  once  saw  an  eagle 
high  in  the  air,  circling  slowly  and  widely  in  perfect  silence. 
Suddenly  the  eagle  screamed  loudly.  "Its  cry  was  soon  an- 
swered by  another  eagle,  which  approached  it,  and  was  followed 
by  a  third,  a  fourth,  and  so  on,  till  nine  or  ten  eagles  came  to- 
gether and  soon  disappeared."  The  naturalist,  following  them, 
soon  discovered  them  gathered  about  the  dead  body  of  a  horse. 
The  food  found  by  the  first  was  being  shared  by  all.  The 
association  of  pelicans  in  fishing  is  a  good  example  of  the  ad- 
vantage of  a  gregarious  and  mutually  helpful  habit.  The 
pelicans  sometimes  go  fishing  in  great  bands,  and,  after  having 
chosen  an  appropriate  place  near  the  shore,  they  form  a  wide 
half-circle  facing  the  shore,  and  narrow  it  by  paddling  toward 
the  land,  catching  the  fish  wliich  they  inclose  in  the  ever- 
narrowing  circle. 

The  wary  Rocky  Mountain  sheep  (Fig.  234)  live  together 
in  small  bands,  posting  sentinels  whenever  they  are  feeding  or 
resting,  who  watch  for  and  give  warning  of  the  approach  of 
enemies.  The  beavers  furnish  a  well-known  and  very  interest- 
ing example  of  mutual  help,  and  thoy  exhibit  a  truly  com- 
munal life,  although  a  simple  one.  They  live  in  "villages" 
or  coniniunities,  all  helping  to  build  the  dam  across  the  stream, 
wliicli  is  nec(»ssary  to  form  the  broad  marsh  or  ]khA  in  which  the 
nests  or  houses  are  built.     Prairie  dogs  live  in  great  villages 
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or  rommunities  which  spread  over  many  acres.  They  tell 
(>»('h  other  by  shrill  erica  of  the  approach  of  enemies,  and  they 
mvm  to  viitit  each  other  and  to  enjoy  each  other's  society  a 
greiit  deal,  although  that  they  afford  each  other  much  actual 
active  help  is  nut  apparent.  Birds  in  migration  are  grega- 
rious, although  at  other  times  they  may  live  comparatively 
alone.  In  their  long  flights  they  keep  together,  often  with 
definite  leaders  who  seem  to  discover  and  decide  on  the  c 


of  flight  for  tlie  wliole  gn'sl  (lock. 
,  -'  The  wedge-shaped  flocks  of  wild 
jipese  flying  high  and  uttering  their 
sharp,  metallic  cull  in  their  south- 
nard  niigrnlioni*  are  well  known  in  many  parts  of  the  United 
States.  Indeed,  the  more  one  studies  the  habits  of  animals 
the  more  examples  of  social  life  and  mutual  help  will  be  found. 
IVolmbly  most  animals  are  in  some  degree  gregarious  in  habit, 
and  in  all  cases  of  gregarioiisness  there  ia  probably  some  de- 
gree of  mutual  aid. 

An  interesting  .leries  of  gradations  from  a  strictly  solitary 
through  a  gregarious  to  an  elaborately  specialized  communal 
life  is  shown  by  the  Itees.  Although  the  bumblebee  and  the 
honeyliee  arc  so  much  more  familiar  to  us  than  other  bee  kinds 
that  the  communal  life  exemplified  by  them  may  have  come 
to  seem  the  usual  kind  of  !«■<■  hfe.  yet,  aa  a  matter  of  fact,  there 
are  many  more  solitary  In-es  than  social  ones.  The  general 
character  of  the  domestic  economy  of  the  solitary  Ix-es  is  well 
shown  by  the  interesting  little  green  carpenter  bee.  Ceralina 
diipia.  l-]ach  female  <if  this  aixrics  bores  out  the  pith  from 
five  or  six  inches  of  an  elder  branch  or  raspberry  cane,  and 
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divides  (his  space  into  a  few  cells  by  mcAnftoC'l 
Iransversp  partiliona  (Fig.  236).  In  each  cdl  I 
sh<^  Inys  an  pg^,  nnd  puts  with  it  oaoii|;li  ftyxf 
^flower  pollen — to  last  the  grub  iir  Urt-s 
through  its  life.  .Shff  tliftii  waiUi  in  an  upper 
fell  of  the  nest  until  the  young  h<.y»  isettt 
from  their  cells,  when  she  leatht  them  off,  and 
I'jich  begins  active  life  on  its  own  account. 
The  mining  bees  Andretut,  which  make  titit 
bun-fras  (Fig.  237)  in  a  clay  bank,  live  iti  larc 
eolonies — that  is,  they  make  their  ncrt  bur- 
rows close  together  in  the  same  cUy  bank,  bnl 
each  female  makes  her  oivn  burrow,  lays  her 
OV71  eggs  in  it,  furnishes  it  with  Utnd — a  kind 
of  paste  of  nectar  luiil  [MiUcn — and  tak««  no 
further  care  of  her  young.  Nor  has  she  at  aajr 
time  any  special  i 


her  neigh- 
bors. But  with  till- 
smaller  mining  1xh?s, 
'"!t  "^n~"i^r  belonging  to  the 
i>«.  Ctraiina  genus//a/tWi«, several 
^'"*'-  females  unite  in  mak- 

ing a  common  burrow,  after  which 
each  female  makes  siile  passages  of 
her  own,  extending  from  the  main  or 
public  entraivee  burrow.  As  a  well- 
known  entomologist  has  said,  Andretut 
builds  villages  composed  of  individual 
homes,  while  Halirtiig  makets  cilices 
coni|»cised  of  apartment  hnuaea.  The 
bumblel»cc  (Fig.  238),  how^-vcr,  es- 
tablishes a  real  community  with  it 
truly  cummuiiHl  life,  although  a  very 
simple  one.  Tlie  few  bumblebees 
which  we  91*  ill  winter  time  ar*- 
queens;  all  other  bumbleboea  die  ui 
the  HiiUmm.  In  the  wpring  a  qiiwn 
pflccl ;  -nmr  dcicried  nc-^l  of  a  field 
mouse,  or  v.  hole  in  the  ground, 
gathers  pollen  which  site  molds  into 
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a  rather  large  irregular  mass  and  puts 
into  the  hole,  and  lays  a  few  eggs  on 
the  pollen  mass.  The  young  grubs  or 
larvie  which  soon  hatch  feed  on  the 
pollen,  grow,  pupate,  and  issue  as 
workers — winged  bees  a  little  smaller 
than  the  queen.  These  workers  bring 
more  pollen,  enlarge  the  nest,  and  make 
irregular  cells  in  the  pollen  mass,  in  each 
of  which  the  queen  lays  an  egg.  She 
gathers  no  more  pollen,  does  no  mo>% 
work  except  that  of  egg-laying.  From 
these  new  eggs  are  produced  more 
workers,  and  so  on  until  the  com- 
munity may  come  to  be  pretty  large. 
Later  in  the  summer  males  and  females 
are  produced  and  mate.  With  the  ap- 
proach of  winter  all  the  workers  and 
males  die,  leaving  only  the  fertilized 
females,  the  queens,  to  live  through 
the  winter  and  found  new  communities 
in  the  spring. 
The  social 


— BumblebHK    a. 
;  b,  qiuao  or  fo^ 


-as  with  the  bees, 

there  are  many  more  kinds 
of  solitary  wasps  than  social 
ones— show  a  communal  life 
hke  that  of  the  bumblebees. 
The  only  yellow  jackets  and 
hornets  that  live  through 
the  winter  are  fertilized 
females  or  queens.  When 
spring  comes  each  queen 
builds  a  small  nest  sus- 
pended from  a  tree  branch, 
or  in  a  hole  in  the  ground, 
which  consists  of  a  small 
comb  inclosed  in  a  covering 
or  envelope  open  at  the 
lower  end.  The  nest  is 
composed  of  "wasp  paper," 
made    by   chewing   bits   of 
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weathcT-bcaten  wood  taken  from  old  fences  or  DUtb 

In  each  of  I  lie  cells  the  queen  lays  an  (^.     She  dopoaiu  in  thi 

cell  a  small  muss  of  food,  consisting  of  some  clivwixl  i 

or  Bpiders.     From  these  e^tga  hatch  ^iibs  which  eat  tbe  Urn 

prepared  for  them,  grow,  pupate,  and  iaeue  as  worker  i 


no.  wo.— Al  lbs  Wl.  Ti«l  at  V«| 


lu  ibuw  (vmb>  wttblo.     (Krom  iiboiuatiwb'-) 

winged  and  slightly  smaller  than  the  queen  (Fig.  239). 
workers  enlarge  the  ni^l,  adding   more  comhs  and    nukiq 
many    cells,   in  each  of  which   the  queen  inys  on    efu. 
workers  provision  the  cell  with  chewed  inwcta,  and  uttier  bnn 
of  workers  arc  rapidly  liatcheil.    The  cummunity  growH  In  oni 
l>ent  and  lite  neal  gmwH  in  sixc  until  it  comai  to  be  the  i 
ball-like  oval  maes  which  we  know  so  well  aa  a  lioniel»>' 
(Hg,  240),  a  thing  to  be  left  untouched.     When  dutui 
the   WHS))a  swarm  out  of   the   nest   luul   ficreely   attack  ; 
invading  foe  in  sighl.     After  a  numU-r  of  bfooda  «tf  wurfcq 
hiu«  l>een  prnduceii,  broods  of  males  and  females  a|>[ii; 
mating  Uikra  place.     In  the  late  fall  the  niuW  an4l  all  of  i 
many  workem  die,  leaving  only  the  new  queciix  to  live  tltroi^ 
the  winter. 

Honeybees  live  t(%ether,  as  we  know,  in  large  c 
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We  arc  aocustomcxl  to  think  of  honeybees  as  the  inhabitants 
of  l)eehivos,  hut  there  were  Ikhjs  before  there  were  hives.  The 
"lK»e  tr<'(»"  is  familiar  to  many  of  us.  The  bees,  in  Nature, 
mak(»  their  home  in  the  hoHow  of  some  dead  or  decaying  tree- 
trunk,  mid  carry  on  there  all  the  indu8trit»s  which  characterize 
the  busy  communities  in  the  hives.  A  honeybee  community 
compris(\s  three  kinds  of  individuals  (Fig.  241) — namely,  a 
fertile  f(»male  or  C|U(»on,  numerous  males  or  drones,  and  many 
infcTtilo  f(»males  or  workers.  These  three  kinds  of  individuals 
differ  in  external  apiK»arance  sufficiently  to  be  readily  recogniz- 
able. Th(»  workers  are  smaller  than  the  queens  and  drones, 
and  the  last  two  differ  in  the  shafx;  of  the  alxlomen,  or  hind 
l)o<ly,  the  alxiomen  of  the  (lueen  being  longer  and  more  slender 
than  that  of  the  male  or  drone.  In  a  single  community  there 
is  one  (lueen,  a  few  hundred  drones,  and  ten  to  thirty  thousand 
workers.  The  number  of  drones  and  workers  varies  at  different 
times  of  the  year,  being  smallest  in  winter.  Each  kind  of 
individual  has  certain  work  or  business  to  do  for  the  whole 
commimity.  The  queen  lays  all  the  eggs  from  which  new  bees 
are  born;  that  is,  she  is  the  mother  of  the  entire  community. 
The  drones  or  males  have  simply  to  act  as  royal  consorts;  upon 
them  d«»|KMids  the  fertilization  of  the  eggs.  The  workers 
undertake*  all  the  food-getting,  the  care  of  the  young  bees,  the 


^'  i  ^^^^  \  L  c 

Fiu.  241. — Iluneybee:  a.  Drone  or  male;  6.  worker  or  female;  e,  queen  or  fertile  female. 


comb-building,  the  honey-making — all  the  industries  with  which 
we  are  more  or  less  familiar  that  are  carried  on  in  the  hive. 
And  all  the  work  done  by  the  workers  is  strictly  work  for  the 
whole  communitv;  in  no  case  does  the  worker  bee  work  for 
itself  alone :  it  works  for  itsc»lf  only  in  so  far  as  it  is  a  member  of 
the  eoniinunitv. 

How  varicMl  and  elalwrately  perfected  these  industries  are 
may  be  iKTceived  from  a  brief  account  of  the  life  history  of  a 


I 
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boe  commiinity.     The  interior  of  tlic  boUow  in  Ihe  bcp  tw*  m 
of  the  hive  is  filltti  with  "comb" — that  is.  wilh   wax  mUri 
into  hcxagnnal  wll«  and  supi>orts  for  t.htt««  <-<*iIf.      'Ilic  mnliinc 
of   (lirse  thousamis  of    Kymmclrirul   iHb  • 
acfiiniplishitl  liy  the  workers    by   dmsih  4 
l\mr  siHK-ially  modified  trowcUiko  nwixliMa 
or  jiiwa.     The  wax  itself,  of  whirli  (he  rrlfc 
are   made,   comr^  from    Ibr    bodieH   nl   tt» 
workcn*  in  the  fortn  of  snmll    lii|uiil   ilnipi 
which  oxi]ii<^  from   the  Hkin   on    the   ihmW 
wiile  of  the  abdomen  or  hindi-r   )>ody  nnm 
Thcsi'    ilropletfl    rim    toRelbta-,    hantrti   kaI 
iM-come    flattened,   ami    aro    removn)    (n« 
tlie  wax   platen,  as  the  peculiarly  modiM 
partH  of  the  xkin   whieh    proilupe    the  *■■ 
are  called,  by  means  of  the  hind  legs,  wfaick 
are   fiiniiHliod    with  soiasorliko   coiitriv»i>«» 
for  cnltii«  off  the  wax  (fig.  242).     In  rcr- 
tain  of  the  cells  are  stored   the   pcilleo  ind 
hont'V.  which    serve   as  fotxl    for   ilie  «ji»- 
niiiiiily.     The    pollen    is    guthertsi    Iiy   the 
HorUem  from  certain  favorite  (lnwers  anl  h 
eairifd   by   them   from   the   fluH-era   to  llie 
hive  in   the  "pollen   baskets,"   tho   slightly 
concave  outer  mirfncea  of   tme  of    the  m- 
nieiits  <if  the  broadened  ami  Hatteni-d  hin4 
Flo  M2  —  p™>i»rL..r    ''"P*-     ^*''^  concave  surface  is  line<l  on  neb 
i(a<i( wcirLri iirnK-y     murj^in  with  a  row  of  incurved   stiff  hairs. 
bM.   C..I1CRV*  .iir-     which  hold  the  pollen  mass  aecurely  in  place 
Ir^iluwi.h'Ti'r     ('■■'«■  242).  The   "lioney"  is  the   neetar  of 
Tnargiioii   hnirs   i>     flowcrs  wliicli   lifts  l)een  sucked   up   by  the 
itu-  ^"'"''"  '^"''^^     workers  by  means  of  their  elaborate  lapiatuE 
ihrruiiinioutJim     &nd    suckiiiK   month    )>arts   and    Bw&llownl 
of   ibe  Biiiie  i«-    into  a  sort  of  honey  sac  or  stomaeh,   tt»eo 
lli^'IlU'iiii'^    hrouRht  to  the  liive  and  r^urgitaled  into 
the  cells.     This  nectar  is  at  first  too  waterT 
to  bo  good  lioncy,  so  the  bees  have  to  evaporate  some  of  this 
water.     Many  of  the  workers  gather  above  the  cells  contain- 
ing nectar,  and  buzz — lliat  is,  vibrate  their  wings   violently. 
Tliis  creates  currents  of  air  wliich  pass  over  the  exposed  nectar 
and  increase  the  evaporation  of  the  water.    The  violent  buu- 
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ing  raifl08  the  temperature  of  the  bees'  Ixxlies,  and  tliia  warmth 
piveii  off  to  the  air,  also  helje  make  evaporation  more  rapid. 
In  addition  to  bringing  in  food  the  workers  also  bring  in,  when 
neccsMary,  "pro|>olis,"  or  the  resinous  gnm  of  certain  trees, 
wliich  they  use  in  repairing  the  hive,  as  closing  up  craclcB  and 
crevices  in  it. 

In  many  of  the  cells  there  will  be  found,  not  pollen  or 
hnney.  but  the  eggs  or  the  young  l>eefl  in  larval  or  pupal  con- 
dition (Fig.  243).  Tlie  queen  moves  atmut  through  tlie  hive, 
laying  eggs.  She  de|>osits  only  one  egg  in  a  cell.  In  three 
days  the  egg  hatches, 
and  the  young  bee  ap- 
pears as  a  helpless  soft, 
white,  footless  grub  or 
larva.  It  is  cared  for 
by  certain  of  the 
workers,  that  may  be 
called  nurses.  These 
nurses  do  not  differ 
structurally  from  the 
other  workers,  but  they 
have  the  s|)ecial  duty 
of  caring  for  Ihe  helj)- 
less  young  bees.  They 
do  not  go  out  for  pol- 
len or  honey,  but  stay  in  the  hive.  They  are  usually  the 
new  Ix-es — i.  e.,  the  youngest  or  most  recently  added  workers. 
After  they  act  as  niirst-s  for  a  week  or  so  they  take  their 
places  with  the  food-gathering  workers,  and  other  new  beea 
act  as  nurses.  The  nurses  feed  the  young  or  larval  bees  at 
first  with  a  highly  nutritious  food  called  bee  jelly,  which  the 
nurses  make  in  their  stomach,  and  regurgitate  for  the  larvie. 
After  tlie  larvir  arc  two  or  three  days  old  they  are  fed  with  pollen 
and  honey.  Finally,  a  small  ma.ss  of  food  is  put  into  the  cell, 
and  the  cell  is  "capped  "or  covered  with  wax.  Each  larva, 
after  eating  all  its  food,  in  two  or  three  days  more  changes  into 
a  pupa,  which  lies  quiescent  without  eating  for  thirteen  days, 
when  it  changes  into  a  full-grown  bee.  The  new  bee  brealcs 
open  the  cap  of  the  cell  with  its  jaws,  and  comes  out  into  the 
hive,  ready  to  take  up  its  share  of  the  work  for  the  community. 
In  a  few  cases,  however,  the  life  history  is  different.     The  nurses 
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will  tear  down  several  cells  around  some  single  one,  and  enlar|T 
this  inner  one  into  a  great  irregular  vase-shaped  cell.  When 
the  egg  hatches,  the  grub  or  larva  is  fed  bee  jolly  as  lon^  a>  it 
remains  a  larva,  never  lieing  given  ordinary  ]K)llon  and  liont^v 
at  all.  This  larva  finally  pupates,  and  there  issuer  from  the 
pupa  not  a  worker  or  drone  l)ee,  but  a  new  queen  b€»e.  Tlie  eff 
from  which  the  queen  is  produced  is  the  same  as  the  other  egp*. 
but  the  worker  nurses  by  feeding  the  larva  only  the  highly 
nutritious  bee  jelly  make  it  certain  that  the  new  bee  shall  be- 
come a  queen  instead  of  a  worker.  It  is  also  to  be  noted  that 
the  male  bees  or  drones  are  hatched  from  eggs  that  are  not 
fertilized,  the  (lueen  having  it  in  her  |K)wer  to  lay  either  ft»rti- 
lized  or  imfertilized  eggs.  From  the  fertilized  ei^gs  hatch 
larvic  which  develop  into  queens  or  workers,  de|)ending  on 
the  manner  of  their  nourishment;  from  the  unfertilizi-d  e^ 
hatch  the  males. 

When  several  queens  appear  there  is  much  excitement 
in  the  community,  f^ach  community  has  normally  a  singl«* 
one,  so  that  when  additional  (iue<»ns  apjx^ar  some  rearranc^- 
inont  is  noc(\ssjiry.  This  rearrangement  conies  about  fir^t  \'\ 
fighting  anioiif^  tlie  (jucens  until  only  one  of  the  new  <jiuvns  > 
left  alive.  Then  the  old  or  mother  (jut^en  issues  from  tlie  h:vr 
or  trw»  followed  by  many  of  the  workers.  She  ami  her  foUi»w«'r> 
fly  away  to^etlier,  finally  alifrhtiiifr  on  some  trtn*  branch  anii 
massing  there  in  a  (U»nse  swarm.  This  is  the  familiar  |>h4*ni>int^ 
non  of  "swarniiiif;;.''  The  swarm  finally  finds  u  new  liolltiw 
tree,  or  in  tlu»  eas(»  of  the  hive  Ihh»  the  swarm  is  put  into  :i 
new  hive,  where  the  bees  build  cells,  gather  fcMni.  produtv 
yoimg,  and  thus  found  a  new  comminiity.  This  swarniinj: 
is  sinii)ly  an  enii«irati<)n,  wliich  n^sults  in  the  wiiler  liistnbii- 
tion  and  in  the  increase  of  tlie  niiinlMT  of  the  s|H*ei<»s.  It  i>  a 
peculiar  but  effective  moih*  of  distributing  and  l>er|H*tuaiirn: 
the  sj)eci(»s. 

There  are  many  otlier  interesting  and  suggestive  iliirii:< 
which  might  be  told  of  the  life  in  a  bee  community:  how  tin- 
community  protects  itself  from  tiie  dangers  of  starvation 
when  food  is  scarce  or  winter  comes  ir\  by  killing  the  us^-U'^^ 
drones  and  the  iinniatun*  becvs  in  egg  and  larval  siagc»:  how 
the  instinct  of  home-finding  has  be(»n  so  highly  devt*h>]if«i 
that  the  worker  bees  go  miles  away  for  honey  ami  noetar. 
flying  with  unerring  accuracy  back  to  the  hive;  of  the  extraor- 
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dinarily  nice  structural  modificationa  which  adapt  the  bee  so 
perfectly  for  its  complex  and  varied  businesses;  and  of  the 
tireless  persistence  of  the  workers  until  they  fall  exhausted 
and  dying  in  the  performance  of  their  duties.  The  community, 
it  ia  important  to  note,  is  a  persistent  or  continuous  one.  The 
workers  do  not  live  long,  the  spring  broods  usually  not  over 
two  or  three  monthx,  and  the  fall  broods  not  more  than  six  or 
eiglit  months;  but  new  ones  are  hatching  while  the  old  ones  are 
dying,  and  the  commimity  as  a  whole  always  persists.     The 


queen  may  live  several  years,  perhaps  as  many  as  five.'    She 
lays  about  one  million  eggs  a  year. 

There  are  many  species  of  ants,  two  thousand  or  more,  and 
all  of  them  live  in  communities  and  show,  a  truly  communal 
life.     There  is  much  variety  of  habit  in  the  lives  of  different 
kinds  of  ants,  and  the  degree  in  which  the  communal  or  social 
life   is   specialized   or   elaborated   varies   much.     But   certain 
general  conditions  prevail  in  the  life  of  all  the  different  kinds  of 
individuals — sexually  developed  males  and  females  that  poaoeai 
nings,  and  sexually  undeveloped  workers  that  are  winj^ 
(Fig.  244).     In  some  kinds  the  workers  show  structural  d^i 
ences  among  themselves,   being  divided   into  small  wwks 
large  workers,  and   soldiers.     The  workers  are,  as  with  t 


'  A  queen  bee  bu  been  kept  aliv«  for  Gftr 
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bees,  infertile  femal(>s.  Althoiigb  llie  lUc  nf  thp  anl  roDunnaitir» 
is  much  les.-]  faniiliHr  and  fully  known  than  that  of  ihr  twe.  J 
is  even  more  remarkable  in  its  spccialixaliona  and  rlaboni*^ 
neas.  The  ant  hnmi;,  or  npet,  nr  forniiriiry.  is.  with  hk« 
epeciee.  a  very  elaborate  undergrovinrl,  niimy-etonr>l  UbyriIll^ 
of  galleries  and  cliantberti.  Certain  ronnm  tum  useti  far  liw 
storage  of  fool;  rcrtitr 
others  us  "nurj-Tir? 
tor  the  reception  m-! 
care  of  the  yciutij;;  on^l 
others  as  "  fttuhlu  "  (-» 
the  ants'  cattle,  (vniin 
plant  lice  or  rraAe  it 
sects  wliirh  art-  *<>nii- 
times  collecifj  at-! 
wired  fur  hv  the  ant.' 

The  foo«i  ..f  nn--- 
com[iri»e8  iiiniiy  kir-4. 
of  veKi'Uiblo  atwi  ani- 
mal sulHtiuin'!! ;  t-.i 
the  favorite  fiR-I.  nr 
"nuti<itial  diah,"  v  it 
has  been  rallpd,  i*  »  J 
sweet  fluid  whirh 
pnxlucod  by 
Hiimll  inaeetM.  thf  t>laiN| 
li'-e  (.\phidi(ltr>  aij 
scale  insceta  (('ner)ilB>tf 
Ttiese  insects  li\T  a 
the  Rap  of  plants:  rose  bushea  are  cspeciully  favoroil  with  thfi 
presence.  Tlie  worker  ants  (and  wo  rarely  sec  any  ant«  but  tli 
wingliM«4  workers,  the  winiri'<l  males  and  femulra  ap|>cariniE  ""• ' 
tlie  nwt  only  at  mating  time)  find  thcee  honcy-wrrwjnit  iniwvli 
and  gently  touch  or  stroke  them  with  their  feelm  (antenna-)^ 
when  the  plant  lice  allow  tiny  droi«  of  the  honey  to  Imiqi*  frua 
the  body,  which  are  eauerly  dnmk  by  the  anta.  Il  hi  manifmth 
totheadvnutaKcof  theunt^that  the  plant  liecfhould  thrive;  I>«| 
they  arc  sofl-lxulied.  defenwhwH  insectn,  and  readily  fait  a  |<f»^ 
to  the  wiindcrin^  prtilaeetms  in.-*ects  like  (lie  ladylnnlfl  am 
aphis  lionN.  So  the  ants  often  fcuard  Kmall  grou|M  of  plant 
lice,  attacking,  aQ<l  driving  away  the  would-be  ravagera.     Whca 


t,    Si-tcntyp^a   fuoar'. 
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the  branch  on  which  the  plant  lice  are  gets  withered  and  dry, 
the  ants  have  lxH*n  obsiTveil  to  carry  the  plant  lice  carefully 
to  a  fr(\sh,  green  branch.  On  page  374  is  described  how  the 
little  brown  ant  Ixisius  brunneus  cares  for  the  com  root  plant 
louse.  In  the  arid  lands  of  New  Mexico  and  Arizona  the  ants 
rear  their  scale  insects  on  the  roots  of  cactus.  Other  kinds  of 
ants  carry  plant  lice  into  their  nests  and  provide  them  with  food 
there.  Because  the  ants  ob- 
tain food  from  the  plant  lice 
and  take  care  of  them,  the 
plant  lice  are  not  inaptly 
called  the  ants'  cattle. 

Like  the  honeybees,  the 
young  ants  are  helpless 
little  grubs  or  larvae,  and 
are  cared  for  and  fed  by 
nurses.  The  so-called  ants' 
eggs,  little  white,  oval 
masses,  which  we  often 
see  being  carried  in  the 
mouths  of  ants  in  and  out 
of  ants'  nests,  are  not  eggs, 
but  are  the  pup®  which 
are  Ixnng  brought  out  to 
enjoy  the  warmth  and  light 
of  the  sun  or  being  taken 
back  into  the  nest  after- 
wards. 

In  addition  to  the  workers  that  build  the  nest  and  collect 
food  and  care  for  the  plant  lice,  there  is  in  many  species  of 
ants  a  kind  of  individuals  called  soldiers.    These  are  wingless, 
like  the  workers,  and  are  also,  like  the  workers,  not  capable  of 
laying  or  of  fertilizing  eggs.     It  is  the  business  of  the  soldiers, 
as  their  name  suggests,  to  fight.     They  protect  the  community 
by  attacking  and  driving  away  predaceous  insects,  espedali^ 
other  ants.     The  ants  are  among  the  most  warlike  of  inae 
The  soldiers  of  a  commimity  of  one  species  of  ant  often  a 
forth  and  attack  a  community  of  some  other  species.     If  8t 
cessful  in  battle  the  workers  of  the  victorious  community  tai 
possession  of  tlie  food  stores  of  the  concjuered  and  carry  then 
to  their  own  nest.     Indeed,  they  go  even  further;  they  may 


Fio.  246. — Nest  of  the  ant,  LepMhorax 
9oni,  with  the  nest  of  another  ant.  Mffrmiea 
tcatrinodea.  (See  aooount  on  page  376.) 
(After  Wheeler.) 
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.  diavea  of  the  conquered  anl«.  There  are  nuD 
les  of  the  so-called  sluvc-making  ants.  The  ttUve-DukHi 
urnry  into  their  own  nest  the  egge  aiul  lurva."  and  pups  of  ii» 
conquered  communily,  and  when  these  come  fo  maturity  lif» 
act  as  slaves  of  the  victors — that  is,  ihey  eollect  food.  buiU 
additiona  to  the  nests,  and  care  for  the  young  of  the  timv- 
makers.  This  BpeciaLzation  goes  so  for  in  the  cnee  of  soiDt 
kinds  of  ants,  like  the  robber-ant  of  South  America  (EeiUm). 
that  all  of  tlie  Ecilon  workers  have  lieeimie  woldiers,  whirh  w 
longer  do  any  work  for  themselves.  The  whole  romniunilj 
Uvea,  therefore,  wholly  by  pillage  or  by  making  slavtn  nf  trtbR' 
kinds  of  ants.  There  are  four  kinds  of  individuals  in  a  robber- 
ant  community — winged  males,  winged  females,  and  small  and 
large  wingless  soldiers.  There  are  many  more  of  the  small 
soldiers  than  of  the  large,  and  some  naturalists  belit^ve  ittal  the 
few  latter,  which  are  distinguished  by  heads  and  jaws  of  gnM 
size,  act  as  oiTicers!  On  the  march  the  small  soUlifnn  are  af- 
ranged  in  a  long,  narrow  column,  while  the  largo  soldiers  ar^ 
scattered  iiloiig  im  fither  side  of  the  eohimn  and  af>j>rar  lo  ac 
as  sentinels  and  directors  of  the  army.  The  observations  made 
by  the  European  students  of  ants,  Huber,  Fore!,  Emerv  and 
Wasmann,  and  by  McCook  and  Wheeler  in  America,  read  like 
fairy  tales,  and  yet  are  the  well-attested  actual  phenomena  of 
the  extremely  specialized  communal  and  social  life  of  the«e 
animals. 

The  bumblebees  and  social  wasps  show  an  intermediate 
condition  between  the  simply  gregarious  or  neighborly  mining 
bees  and  the  highly  dcvelo|>ed,  permanent  honeybee  and  ani 
communities.  Naturalists  believe  that  the  highly  orf^anised 
communal  life  of  the  honeybees  and  the  anta  is  a  develop- 
ment from  some  simple  condition  like  that  of  the  bumblebees 
and  social  wasps,  which  in  its  turn  has  grown  out  of  a  still 
simpler,  more  gregarious  a.'iscmbly  of  the  individuals  of  one 
species.  It  is  not  difficult  to  see  how  such  a  development  could 
in  the  course  of  a  long  time  take  place. 

The  termites  or  white  ants  (not  true  ants)  are  also  communal 
insects.  Some  species  of  termites  in  Africa  five  in  great  mounds 
of  earth,  often  fifteen  feet  high.  The  community  compri^vs 
hundreds  of  thousands  of  individuals,  which  are  of  as  many  as 
eight  kinds  or  castes  (Fig.  247)  viz.,  sexually  active  winged  males, 
sexually  active  winged  females,  other  fertile  males  and  females 
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which  are  wingless,  wingless  workers  of  both  sexes  not  capable 
of  reproduction,  and  wingless  soldiers  of  both  sexes  aluo  in- 
capable of  reproduction.  The  production  of  new  individuals 
is  the  Hole  business  of  the  fertile  males  and  females;  the  workers 
build  the  nest  and  collect  food,  and  the  soldiers  protect  the 
community  from  the  attacks  of  marauding  insects.  The  ^;g- 
laying  (jueen  grows  to  monstrous  size  in  some  species,  being  some- 
tinio»  four  or  five  inches  long,  while  the  other  individuals  of  the 
community  are  not 
more  than  half  or 
threp-fjuarters  of  an 
inch  long.  The  great 
size  of  the  queen  is 
due  to  the  enormous 
numl>or  of  cggH  in 
her  body. 

We  have  pointed 
out  elsewhere  that 
the  complexity  of 
the  bodies  of  the 
higher  animals  de- 
ponds  on  a  speciali- 
Eation  or  differentia- 
tion of  parts,  due 
to  the  aasumption  of 
difTerent  functions  or 
duties    by    different 

parts  of  the  body;  that  the  degree  of  structural  differentiation 
depends  on  the  degree  or  extent  of  division  of  labor  shown  id 
the  economy  of  the  animal.     It  is  obvious  that  the  same  prin- 
ciple of  division  of  lalwr  with  accompanying  modification  of 
structure  is  the  basis  of  colonial  and  communal  life.     It  is 
simjily  a  manifestation  of  the  principle  among  individuals  in- 
stead of  among  organs.     The  di%'i»on  of  the  necessary  labors 
of  life  among  the  different  zooids  of  the  colonial  jellyfiBh  is 
plainly  the  reason  for  the  profound  and  striking,  but  alwayi 
H'asonable  and  e\])lioable,  modifirations  of  the  tyfncal  pa 
or  me<liisa  IxhIv,  which  bt  shown  by  the  swimming  xorad 
feeding  zmiids,  the  sense  zooids,  and  the  others  of  the  ■ 
And  similarly  in  the  case  of  the  termite  community, 
dier  individuals  are  different  structurally  from    * 


iiise  »f  thp  (iiffpTpnt  work  they  Iiavfi  to  do, 
.       Tors  from  all  the  others,  beca»ii4e  of  the  * 
J  pr       Micv  dt'inaiided  of  her  to  mniDtain  the  grcaX  t 
■ly. 

is  important  to  nole,  however,  thiit  amnnfC  thostt  Knimik  1 
,  ifhow  the  most  highly  organized  or  Bi>ocializixl  (ximniuiMi 
■ocial  life,  the  structural  differences  among  the  individuali 
the  least  marked,  or  at  least  are  not  tlie  iiMwt   profound. 
i  three  kinds  of  hnneyliee  individuals  differ  but   lilllp;  is- 
•d.  as  two  of  the  kinds,  male  and  fcmnh-,  are  to  Ikt  fouml  in 
caise  of  almost  all  kinds  of  aDinmU,  whether   romnitinal 
in  habit  or  not,  the  only  unusual  strueturul  specialization  in 
e  case  of  the  honeyliec,  is  the  presence  of  the  worker  indi- 
*idual,  which  differs  from  the  other  individuals  primnnlr  in 
the  rudimentary  condition  of  ihe  reproductive  Klan<l!«,     Kinaliy. 
in  the  case  of  man,  with  whoti  the  eommuno]  or  socbil  halict 
IB  80  all-important  as  to  gain  for  him  the  name  of  '*  i  ho  social 
animal,"   there   is   no  ililTerentiation   of   indiviilniils    ada{Knl 
only   for  certain   kinds  of   work.     Among  these   ht^hetit   ex- 
amples of  social  animals,  the  presence  of  an  advanced  menial 
endowment,  the  specialization  of  the  mental  power,  the  power 
of  reason,  have  taken  the  jtlace  of  and  made  unnecessary  th* 
structural  differentiation  of  individuals.     The  honeybee  work- 
era  do  different  kinds  of  work:  some  gather  food,  some  care  for 
the  young,  and  some  make  wax  and  build  cells,  but  the  in- 
dividuals are  interchangeable;  each  one  knows  enoujch  to  do 
these  various  things.     There  is  a  structural  differentiation  in 
the  matter  of  only  one  special  work  or  function,  that  of  r^ 
production. 

With  the  ants  there  is,  in  some  cases,  a  considerable  struc- 
tural divergence  among  individuals,  as  in  the  genus  .4/f(i  of 
8outh  America  with  six  kinds  of  individuals — namely,  wingwl 
males,  winged  females,  wingless  soldiers,  and  wingless  workers 
of  three  distinct  sizes.  In  the  case  of  other  kinds  with  <)uite 
as  highly  organized  a  communal  life,  there  are  but  three  kind^ 
of  individual.-i;  the  winged  males  and  females  and  the  wingless 
workers.  The  workers  gather  fooil,  build  the  nest,  guard  the 
"rattle"  (aphids),  luiike  war.  tin.l  care  for  the  young,  Vjac\\ 
one  knows  enough  to  ilo  :ill  Ilii'se  various  di.ilinct  thin^.  Its 
InhIv  is  not  so  iiKHlilicd  that  it  is  limite«l  to  doing  but  one 
kind  of  thing. 
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The  increase  of  intelligence,  the  development  of  the  power 
of  reasoning,  is  the  most  potent  factor  in  the  development  of 
a  highly  sjx^cialized  social  life.  Man  is  the  example  of  the 
highest  development  of  this  sort  in  the  animal  kingdom,  but 
the  highest  form  of  social  development  is  not  by  any  means  the 
most  perfectly  communal. 

The  advantages  of  communal  or  social  life,  of  cooperation 
and  mutual  aid,  are  real.  The  animals  that  have  adopted 
such  a  life  are  among  the  most  successful  of  all  animals  in  the 
struggle  for  existence.  The  termite  individual  is  one  of  the 
most  defenseless,  and,  for  those  animals  that  prey  on  insects, 
one  of  the  most  toothsome  luxuries  to  \ye  found  in  the  insect 
world.  But  the  termite  is  one  of  the  most  abundant  and 
widesprejid  and  successfully  living  insect  kinds  in  all  the  tropics. 
Where  ants  are  not,  few  insects  are.  The  honeybee  is  a  popu- 
lar type  of  a  successful  life.  The  artificial  protection  afforded 
the  honeybee  by  man  may  aid  in  its  struggle  for  existence,  but 
it  gains  this  protection  l>ecause  of  certain  features  of  its  com- 
munal life,  and  in  Nature  the  honeybee  takes  care  of  itself 
well.  The  Little  Bee  People  of  Kipling's  Jungle  I^ook,  who 
live  in  great  communities  in  the  rocks  of  Indian  hills,  can  put  to 
rout  the  largest  and  fiercest  of  the  jimgle  animals.  Coopera- 
tion and  mutual  aid  are  among  the  most  important  factors 
which  help  in  the  struggle  for  existence.  Its  great  advantages 
are,  however,  in  some  degree  balanced  by  the  fact  that  mutual 
help  brings  mutual  dependence.  Tlie  community  or  society 
can  accomplish  greater  things  than  the  solitary  individuals, 
but  c()oix»ration  limits  freedom,  and  often  sacrifices  the  indi- 
vidual to  the  whole. 


CHAIT'ER  XIX 
COLOR  AND  PATTERN  IN  ANIMALS 

In  spite  of  the  fluency  with  which  so  many  people  talk  of  tlv 
meaning  of  color  in  organisms,  the  subject  is  as  Incomplete  on  ilr 
theoretical  as  on  the  physiological  side.  .  .  .  The  two  defic-ieiicieK  ai^ 
related  and  a  little  more  physiology  will  arm  the  theorists  with  bettr 
weapons. — Newbigin. 

A  CONSPICUOUS  characteristic  of  the  animal  body  is  it?  c<»l*v 
pattern.  Not  all  kinds  of  animals  attract  our  attention  Iv 
their  colors:  there  arc  even  whole  groups  whose  uniform  nioin*- 
chrome  color  scheme  is  of  a  sort  to  relieve  them  comjJottM". 
from  any  imputation  of  flaunting  showiness  or  of  bizarre  fanci*- 
in  ix»rsonal  decoration.  But  consider  such  a  da^s  as  t  he  inse<'T> 
the  paint(*d  buttorflios,  the  burnishe<l  beetles,  the  fla.«ihiri 
dragon  fli(»s,  the  gre(»n  katydids  and  brown  locusts  All  attra^-t 
attention  first  by  the  variety  or  intensity  of  their  colons  ar : 
the  arrang(Mn(»nt  of  these  colors  in  simple  or  intricate  synimeir^ 
of  pattern.  Kven  the  small  and  at  casual  glance,  oliscun'  a:-: 
monochrome  insects  often  reveal,  on  careful  examination,  i 
large  degree  of  color  development  and  ofttimes  amazing  ir- 
tricacy  and  beauty  of  pattern.  So  uniforndy  develn^teii  - 
color  pattern  among  insects,  that  no  thoughtful  ccilleetor  '* 
observcT  of  these  animals  esca|K»s  the  self-put  ques^tion:  W:^ 
is  there  such  a  high  degree  of  sjH»cializati(m  of  color  thnuicho .: 
the  insect  class?  If  \w  Ik*  an  obs<Tver  who  luis  taken  s<»riou*lv 
the  teachings  of  Darwin  and  the  utilitarian  sf*hcM)l  of  nnturali-*'* 
his  (|uestion  becomes  couched  in  this  form:  WluU  is  the  us**  v 
the  insects  of  all  this  c(»li>r  an<l  |)attern? 

For  the  attitu<le  <»f  any  modern  stuthMit  of  Xatun*.  o-r- 
front<Ml  by  such  a  |)henomenon.  is  that  of  tlie  set^kor  for  ::■ 
significance  of  the  phenomenon.     And  the  key  to  8ignihcani> 

31)8 
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in  sueh  a  case  is  to  be  sought  in  utility.  The  usefulness  of 
color  in  animate  nature  as  an  inspirer  and  satisfier  of  our  own 
esthetic  needs  and  capacities,  or  of  color  patterns  as  means 
whereby  we  may  distinguish  and  recognize  various  sorts  of 
animals  and  plants,  is  a  usefulness  which  may  be  answer  enough 
to  the  paasing  poet  on  the  one  hand,  and  to  the  old-line  Lin- 
nsean  systematist  on  the  other,  but  it  is,  of  course,  no  answer 
to  science.  Science  demands  a  usefulness  to  the  color-bearing 
organisms  themselves:  and  a  usefulness  large  and  serious 
enough  to  be  the  sufficient  cause  for  so  highly  specialized  and 
amazing  a  development. 

The  explanations  of  some  of  the  color  phenomena  of  animals 
are  obvious:  some  uses  we  recognize  quickly  as  certain,  some  as 
probable,  some  as  possible.  Some  colors  are  obviously  there 
simply  because  of  the  chemical  make-up  of  parts  of  the  insect 
body.  That  gold  is  yellow,  cinnabar  red,  and  certain  copper 
ores  green  or  blue,  are  facts  which  lead  us  to  no  special  inquiry 
after  significance:  at  least,  not  after  significance  based  on 
utility.  If  an  insect  has  part  of  its  body  composed  of  or  con- 
taining a  substance  that  is  by  its  very  chemical  and  physical 
constitution  always  red  or  blue  or  green,  we  may  be  content 
with  knowing  that,  and  not  be  too  insistent  in  our  demand  to 
the  insect  to  show  cause,  on  a  basis  of  utility,  for  being  partly 
red  or  blue  or  green.  And  even  if  this  red  or  blue  be  disposed 
with  some  symmeti^,  some  regularity  of  repetition,  either 
segmentally  or  bilaterally,  this  we  may  well  attribute  to  the 
natural  segmental  and  bilaterally  symmetrical  repetition  of 
similar  body  parts.  Some  color  and  some  color  pattern,  then, 
may  be  explicable  on  the  same  basis  as  the  color  of  a  mineral 
specimen  or  of  a  tier  of  bricks. 

But  no  such  explanation  will  for  a  moment  satisfy  us  as 
to  the  presence  of  and  arrangement  of  colors  in  the  wings  of 
KaUima,  the  dead  leaf  butterfly,  or  in  PhyUium,  the  green  leaf 
I)hasmid,  or  in  the  butterfly  fish,  Chceiodon,  or  in  the  lichen 
spider,  or  in  the  chameleon  with  its  changing  tints,  or  in  any 
one  of  a  score  of  other  more  or  less  familiar  forms  whose  color 
pattern  makes,  even  on  the  casual  observer,  an  insistent 
demand  for  rational  explanation. 

Certain  uses  of  color  seem  apparent:  the  colored  eye  flecks 
or  pigment  8|)ots  of  many  of  the  lower  animals  presumably 
serve  their  possessors  as  organs  by  which  to  distinguish  the 
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presence  or  absence  of  light,  by  virtue  of  their  capacity  v* 
absorb  light  and  thus  stimulate  the  specially  sensitive  n41> 
composing  them.  And  the  pigment  or  absence  of  it  (darL 
or  light  color)  in  the  fur  and  plumage  of  certain  mamniak  aihl 
birds  may  perhaps  serve  to  absorb  or  to  reflect  the  sun*8  ra>> 
so  as  to  help  keep  warm  or  cool  the  animals  thus  colored.  Bm 
such  explanations  of  animal  colors  can  obviously  apply  to  but 
few  cases.  Very  plainly  color,  and  especially  pattern,  has  it^t 
ttgnificance  if  anywhere  in  connection  with  certain  special  rv^ 
lations  of  animals  to  other  animals  and  to  the  world  generally. 
So,  ever  since  the  days  of  Darwin,  two  general  categori«$ 
of  such  significance  or  explanation  of  color  and  pattern  ha\T 
been  in  the  minds  of  naturalists.  One  of  these  is  the  signifi- 
cance attributed  to  color  pattern  by  the  theory  of  sexual 
selection ;  the  other  is  that  attributed  to  it  by  the  general  thecwy 
or  group  of  theories  of  protective  resemblance,  recognition, 
warning,  directive,  and  mimetic  coloration,  etc.  Of  these  tvi» 
general  explanations,  one  has  steadily  lost  g^round  sinct*  l>2ir- 
winian  and  early  post -Darwinian  days,  while  the  other  h:is 
slowly  but  steadily  gained  adherents  and  has  been  exten«l«Hl  :<* 
cover  more  and  more  eases  of  animal  ornamentation.  Oi  tl:»' 
theory  of  s(»xual  selection  it  must  Ik*  said  that  it  certainly  can- 
not exj)lain  the  conditions  of  secondary  seximl  diffc'reno^. 
incliuling  colors  and  patterns,  in  many  groups  of  aniniiils,  an.; 
it  has  really  not  l)e(»n  proved  to  explain  them  in  any  sincli- 
group,  althoiigii  in  the  case  of  birds  and  mammals  it  «hti> 
possil)l(»  that  the  theory  is  applicable:  at  least  no  other  e\- 
planation  of  e(|iial  validity  has  yet  lx»en  preaontcHl.  Of  th* 
s|)c»cialization  of  coh)r  and  pattern  for  the  sake  of  prot<*<*tirj: 
the  animal  by  making  it  so  harnumize  or  fuse  with  the  lu^iul 
environm(MU  as  to  1m»  indistinguishable,  or  by  nuiking  it  siniul:it> 
with  sutlicieiit  fid(»lity  some  particular  part  of  its  sur^oundir*i^ 
as  a  gn*en  or  dead  h'af,  a  twig,  the  dro[)ping  of  a  Inrd,  a  bit  ■•' 
lichen  or  what  not.  or  by  making  it  mimic  some  ot)u*r  aninu. 
notoriously  well  tlefended  by  sting  or  fangs  or  ill-tasting  U».:\. 
so  that  tlu»  otherwise*  dcfcnsel(»ss  mimicker  is  mistaken  l»v  .:• 
enemies  for  the  defended  mimicked  kind  of  animal — iif  ti.* 
s|MM'iali/.ation  and  utility  of  color  and  pattern,  evidence  for  ;•* 
reality  is  gradually  accunuilating  to  convincing  amount.  Ai;-: 
it  is  of  this  sort  of  color  and  pattern  si)ecialization  that  tht- 
brief  di.scussion  to  follow  will  Ix*  devoteil. 
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Flu.  348.— Kktydid,  Cyrtofltyau  crepitatu.  tmta  tbe  Wert 
ln<tis>.  with  gmm  body  wid  iri>UE»  nBembliaa  ihe  Imvw 
unoitc  wbioh  il  Uvea.     (AfUr  Hlun><) 


Tlio  frroeti  katydid  singing  in  the  tree-top  or  shrubbery  w 
readily  known  to  be  there  by  its  music,  but  just  which  bit  of 
grocn  tliat  fje  see  ia  katydid,  and  which  is  leaf,  is  a  matter  to 
be  decided  only  by  unusually  discriminating  eyes.  The  clacking 
locust,  beating  its 
black  wings  in  the 
air,  is  conspicuous 
enough ;  but  after 
it  has  alighted  on 
the  ground  it  is 
invisible,  or, 
rather,  visible  but 
indistinguishable  : 
its  grayand  brown 
niottleil  color  pat- 
tern is  simply  continuous  with  that  of  the  soil.  The  green 
Inrvo;  of  the  I'ierid  butterflies  lying  InnKitudinally  along  green 
grammes  simply  merge  into  the  color  scheme  of  their  environ- 
ment  The  gray  moths  rest  unperceived  on  the  bark  of  the 
tree  trunk.  Hosts  of  insect  kinds 
do  really  harmonize  with  the  color 
pattern  of  their  usual  environ- 
ment and  by  this  correspondence 
m  shade  and  marking,  arc  difficult 
to  perceive  for  wliat  they  are. 
Now  if  the  eyes  that  survey  the 
green  foliage  or  run  over  the  gray 
bark  are  those  of  a  preying  bird, 
hzard  or  other  enemy,  it  is  quite 
certain — our  reason  tells  us  so  in- 
sistently— that  this  possesnion  by 
the  insect  of  color  and  pattern 
tending  to  make  it  indistinguish- 
able from  its  immediate  environ- 
ment is  advantageous  to  it — ad- 
ndn-Mohave  cinvri  oo  the  ™nd.  vantageous  to  the  degree  often  of 
saving  its  life.  Now  such  a  use 
of  color  ancl  [wttern  is  olivinitily  one  which  can  he  widespread 
through  the  insect  clusn,  and  nmy  be,  to  many  apeciea  whidi 
lead  lives  exposed  to  the  attacks  of  insectivorous  animala.  o* 
large — even  of  life  and  death — importance.     And 
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most  of  them  at  least,  believe  that  this  kind  of  usefulnen  is 
real,  and  that  it  is  the  principal  clew  to  the  chief  significance 
of  color  and  pattern — and  this  not  alone  in  the  ease  of  in- 
sects, but  of  most  other  animals  as  well. 

From  this  point  of  view,  namely,  that  color  patterns  mar 
be  of  advantage  in  the  struggle  for  existence,  just  as  strength, 
swiftness,  and  other  capacities  and  conditions  are,  the  speciali- 
zation and  refinement,  all  the  wide  modification  and  variecv 
of  colors  and  patterns  are  explicable  by  the  hypothesis  of 
their  gradual  development  in  time  through  the  natural  selec- 
tion of  fortuitous  advantageous  variations.  On  this  basis, 
such  special  instances  of  resemblance  to  particular  parts  d 
the  environment,  as  that  shown  by  Kallima  in  its  likencs 
to  a  dead  leaf,  and  Diapheramera  in  its  simulation  of  a  dry. 
leafless  twig,  are  simply  the  logical  extremes  of  such  a  line  of 
specialization. 

But  the  nature  observer  may  be  inclined  to  ask  how  surh 
brilliant  and  bizarre  colors  as  those  of  the  swallowtail  butter- 
flies and  the  tiger-handed  caterpillars  of  Anosia  can  he  inrludtni 
in  any  category  of  "protective  resemblance"  patterns.  Tliey 
are  not  so  included,  but  are  ex[)lained  ingeniously  by  an  add^xl 
hyfK)thesis  called  that  of  *' warning  colors,"  while  for  the  strik- 
ing siniilaritios  of  pattern  often  notcnl  l)etween  two  unrelate^i 
cons[)icuously  colored  si>eci(»s  still  another  hy]H>the«;is  is  pro- 
posed. In  these  cases  it  is  not  concealment  that  the  etiKv 
pattern  effects,  but  indeed  just  the  opjKxsite.  Sim'e  the  pioneer 
studies  of  Hates  and  Wallace  and  Helt,  naturalists  have  Uvn 
observing  and  exjKTinienting  and  fxmdering  these  ex|x>sin£. 
as  well  as  these  concealing,  conditions  of  color  and  |>attern. 
and  they  have  pro|M)sed  s<»v(Tal  theories  or  hypotheses  ex- 
planatory of  the  various  conditions.  Thes<»  hy|)otheses  a.-^^ 
plausible;  hut  they  are  much  more  than  that:  they  are  each 
more  or  less  w(»ll  hackcMl  up  by  ol)s<Tvation  and  exjierinien!. 
and  some  of  them  have  gaine<l  u  large  acceptance  aniouj: 
naturalists.  H(»th  the  reasoning  and  oI>s€tv<m1  facts  on  which 
tiles*'  hypotheses  rest  are  l)as(»d  on  the  us4»fulness  of  the  eo|i»Ts 
and  patterns  to  the  animals  in  their  relation  to  the  outsiilo  woriti. 
An<i  the  inHuen<*e  of  advantage  and  natural  selection  is  given 
the  chief  <T(»dit  for  determining  the  present-ilay  conditions  i»i 
thes4»  <*olors  and  patterns. 

Jiefore,  however,  we  take  up  these  hypotheses,   defining: 
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th(»ni  iwul  looking  over  some  of  the  evidence  adduced  for  their 
su|)|M)rt,  jvs  well  as  some  of  the  criticism  leveled  at  them,  we 
may  advis^nlly  look  to  the  actual  physical  causation  of  color 
in  animals.  Whatever  the  use  or  significance  of  color,  our 
understanding  of  this  use  must  l)e  based  on  a  knowledge  of  the 
method  or  modes  of  its  actual  production. 

Color  in  organisms  is  produced  as  color  in  inorganic  nature 
is.  Certain  substances  have  the  capacity  of  selective  absorjv- 
tion  of  light  rays,  so  that  when  white  light  falls  on  them, 
certain  colors  (light  waves  of  certain  length)  are  absorbed,  while 
certain  others  (light  waves  of  certain  other  lengths)  are  re- 
flected. An  object  is  red  because  the  substance  of  which  it  is 
(8U[)erficially)  composed,  reflects  the  red  rays  and  absorbs  the 
others.  Certain  other  objects  or  substances  may  produce  color 
(Ix*  colore*  1)  because  of  their  physical  rather  than  their  chemical 
constitution;  their  surface  may  be  composed  of  superposed 
lamellae,  or  it  may  be  so  striated  or  scaled  that  the  various 
component  rays  of  white  light  are  reflected,  refracted,  and 
diffracted  in  such  varying  manner  (at  different  angles  and 
from  different  depths)  that  complex  interference  effects  are 
produced,  resulting  in  the  practical  extinguishing  of  certain 
colors  (waves  of  certain  length)  or  the  reflection  of  some  at 
angles  so  as  not  to  fall  on  the  eye  of  the  observer,  and  so  on. 
Such  colors  will  change  with  changes  in  the  angle  of  observa- 
tion, and  are  the  so-called  metallic  or  iridescent  colors.  These 
two  categories  of  color  have  been  aptly  called  chemical  and 
physical:  chemical  color  depending  on  the  chemical  make-up 
of  the  body,  physical  on  its  structural  or  physical  make-up. 
As  a  matter  of  fact  we  shall  find  that  most  animal  colors 
are  due  to  a  combination  of  these  two  kinds. 

(Substances  that  produce  color  by  virtue  of  their  capacity 
to  absorb  certain  colors,  and  reflect  only  certain  others,  we 
may  call^  in  our  discassion  of  color  production,  "pigments"; 
and  "  pigmental "  may  be  used  as  practically  synonymous  with 
"chemical"  in  referring  to  colors  thus  produced,  while  "struc- 
tural" may  be  used  as  synon\Tnous  with  "physical"  in 
referring  to  colors  dependent  on  superficial  structural  character 
of  the  insect  body.  For  colors  produced  by  the  cooperation 
of  lx)th  pigment  and  structure,  "combination"  or  "chemico- 
physical"  may  be  used  as  a  defining  name.) 

Now  in  all  animals,  color  dep)ends  on  the  presence  and  ar- 
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igptnciit  of  [lininriils  or  mi  tlic  fine  Htrufliir*-  uf  fiii[trrlirul 

\ji,  (i»  f(-atiiera,  BcalcK.  skin,  i'tL>.,  tir  on  h  nimtiin&tkin  *tt  ihr 

^  cotor-producin);  coiiditioiifl.     In  birds,  for  exantpUv  n-rtaiD 

pigments  called  lipochromcB  (which  arc  cithor  art  ual  rr*m* 

d  productti  or  nrt-  iu»ui^iiit4>«l  with  nuch).  HTt.'   HbundAnthr 

(went  ill  thp  feftthsrs,  bill,  feet,  ptc.  producing  retis.  yrUtmi, 

-owiui,  etc.,  and   ccrtuiii   other  dark    inctiinin    |Hgnimt*  mt 

stributed  as  minute  amorphous  granules  in   the   culiniiw 

.ructures  or  epidermis,  producing  plain  gray,  brown,  blarfc. 

id  related  tints.     In  addition,  the  feathers  are  so  constructtd 

■at  they  may,  and  do  in  some  cases,  produce  the  most  brilliaM 

descent  and  metallic  colors,  as  familiarly  shown  to  ua  by  the 

imming  birds,  the  grackles,  etc.     Most  such  metallic  eolcn 

birds,  however,  are  produced  by  a  combination  of  iHgmenl 

id  structure,  and  not  by  structure  alone.     The   colon  d 

ammals,  of  reptiles,  of  amphibians  and  of  fishes  might  akt 

De  referred  to,  and  as  far  as  they  have  been  studied  or  analyml 

according  to  their  causes,  we  should  find  that  in  mammals  ihr 

pigmental  colors  arc  mostly  produced  by  so-ra)le<l   melanin* 

which  seem  to  be  waste  products.     In  the  fishes,  amphibian 

and  reptiles,  the  pigments  are  both  lipochromes  and  melanios. 

while  in  all  the  vertebrate  classes  there  occur  caiiics  in  whirfc 

vivid    physical    or   optical    colors    are   produced    by    cutirulu 

structure.     The   most   extended   study   of   color    in    animkk 

however,  has  been  devoted  to  insect  colors.     Here  we  have  t 

pretty  clear  understanding  of  all  the  color-producing  agents. 

and  an  analysis  of  all  the  colors  more  usually  met   with,  inic 

their  pro|K'r  cltta-soa,  that   is,  whether  exclusively    pigmenial. 

exclusively  structural   or   mixed   structural-pigment aj.     In  > 

valuable  \>a\>QT  by  Tower,  a  table  of  insect  colors  sboning  \ht 

classification  and  nimlc  of  jmHluction  of  the -various  colors  b 

given,  at  follows  (see  next  page): 

The  only  hyixithesis  that  gives  to  colors  and  markinp  ■ 
value  ill  the  life  of  animalx,  at  all  comparable  with  tbe  degnr 
of  9]>ecializalion  reachwl  by  these  colors  and  markings  and  hy 
the  sjK'cial  structures  develo|XHl  to  make  them  possible,  is  th»i 
already  referre<l  to  as  the  theory  of  protective  and  aggreeaxr 
resemblances,  of  warning  and  directive  patterns,  and  of  mimi- 
cr_\'.  These  various  uacs  of  color  patterns  are  all  conc«Tt>r<i 
with  the  relation  of  the  animal  to  its  environment:  they  air 
means  of  protecting  the  animal  from  its  enoiuw,  or  of  Tn«Hi"g 
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it  to  capture  its  prey.  They  are  uses  obviously  concerned 
with  the  "struggle  for  existence'':  they  are  ''shifts  for  a  linng." 
For  the  sake  of  clearness  in  discussion  these  various  uses 
will  be  rather  arbitrarily  classified  into  several  categories  which 
in  Nature  are  not  so  sharply  distinguished  as  the  paragraph 
treatment  of  them  might  suggest. 

The  general  harmonizing  in  color  and  pattern  with  the  color 
scheme  of  the  usual  environment  is  a  condition  which  e^fir 
field  student  of  animals  recognizes  as  widely  existing.  The 
green  color  of  foliagc'-inhabiting  forms,  as  tree  frogs  and  katy- 
dids, the  mottloil  gray  and  tawny  of  the  mammals,  bird«. 
lizards,  and  insects  of  the  deserts,  and  the  white  of  the  hares 
and  foxes  and  owls  and  ptarmigan  of  the  arctic  and  alpine 
snow-coverfHl  wastes,  are  color  tones  obviously  in  harmony  with 
the  general  color  of  the  environment.  In  the  brooks  most  fishes 
are  dark  olive  or  greenish  above  and  white  below.  To  the  birds 
and  other  enemies  which  look  down  on  them  from  above,  thev 
are  colored  like  the  lM>ttom.  To  their  fish  enemies  which  h»«>i 
up  from  1k»1()W,  their  color  is  like  the  white  light  aljove  then:, 
and  their  forms  are  not  clearly  seen.  The  fishes  of  the  <lccp  s^t** 
in  per|x»tiial  darkiu^ss  are  vioh»t  in  color  below  a.s  well  as  aU>ve. 
Tliose  that  live  anions  waweeils  are  re<l.  grass-green,  or  oIi\f 
like  the  j)lants  they  frecjuent.  The  difficulty  of  distinguishing 
a  quiescent  moth  from  the  bark  on  which  it  is  resting,  h  gr^f-n 
caterpillar  or  leaf-hopjM»r  or  meadow  grasshopfx'r  frvmi  the 
leaf  to  which  it  clings,  a  roadside  locust  from  the  soil  on  which 
it  alights,  is  a  diificulty  whicli  has  to  be  reckoned  with  by 
every  collector. 

Now  whih'  there  are  few  human  collectors  of  insects,  thonf 
are  liosts  of  bin!  and  toad  and  lizard  ins(»ct -hunters,  to  say 
nothing  of  the  many  kinds  of  j>nMlac(»ous  ins€»cts  which  u.***^  thvir 
own  cousins  for  cliief  food.  So  that  where  this  dilHcultv  of 
distinjriiishin^  the  resting  insiH't  from  its  environment  is  siitfi- 
cient  to  jK)st|H)ne  success  on  the  part  of  the  insect -huntint 
bird  or  hzanl.  the  life  of  the  j)n»tectively  colortnl  ins«Tt  u* 
obvioiirly  saved,  for  th<»  time,  by  its  dress.  This  is  a  utility  of 
coh)r  anil  j»attern  than  which  there  can  \x\  from  the  inst*ct  point 
of  view,  notliinj:  lii^her. 

One  s|HM*ial  jMiint  should  1m*  noteil  in  connection  with  tho 
general  protective  resi'mblance,  an<i  that  is.  that  the  harnittn- 
izing  or  melting  into  the  environment  may  often  be  accomplisht^l 
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by  a  color  and  pattern  not  directly  imitative  of  the  immediate 
environmental  objects,  but  of  such  a  kind  as  to  be  lost  among 
the  light  and  shadow  gradations  produced  by  light  shining 
through  leaves,  twifts,  etc.  Thayer  has  very  interestingly 
shown  the  possibilities  and  actual  effects  of  such  gradatory  or 
light  and  shadow  patterns  among  birds,  and  thus  explains  many 
cases  of  bird  patterns  not  apparently  very  closely  imitative, 
but  nevertheless  very  effective  in  making  the  bird  indistin- 
guishable when  at  rest  on  its  nest  or  in  the  bushes  or  grass 
of  its  usual  habitat.  General  protective  resemblance  is  un- 
doubtedly very  widespread  among  animals,  and  is  not  easily 
appreciated  when  the  animal  is  seen  in  museums  or  zoo- 
logical gardens — that  is,  away  from  its  natural  or  normal  en- 
vironment. 

A  modification  of  general  color  resemblance  found  in  many 
animals,  may  be  called  tarioAie  protective  resemblance.  Certain 
hares  and  other  animals  that  live  in  northern  latitudes  are 
wholly  white  during  the  winter  when  the  snow  covers  every- 
thing; but  in  summer,  when  much  of  the  snow  melts,  revealing 
the  brown  and  gray  rocks  and  withered  leaves,  these  creatures 
change  color,  putting  on  a  grayish  and  brownish  coat  of  hair. 
The  ptarmigan  of  the  Rocky  Mountains  (one  of  the  grouse), 
which  bves  on  the  snow  and  rocks  of  the  high  peaks,  is  almost 
wholly  white  in  winter;  but  in  summer,  when  most  of  the  snow 
is  melled,  its  plumage  is  chiefly  brown.  I>ocusts  of  various 
species  of  the  genus  Trimerotropit  show  a  variability  in  color 
of  individuals,  ranging  through  gray,  brown,  reddish,  plumbeous 
and  bluish,  and  such  accompanying  variability  in  marking  as 
to  result  in  producing  much  variety  of  appearance  in  a  single 
wries  of  collected  individuals.  We  have  noted  in  collecting 
these  locusts  in  Colorado  and  California  that  this  variability 
of  coloration  is  directly  associated  with  color  differences  in  the 
soil  of  the  localities  in  which  these  locusts  live;  the  reddish 
individuals  are  taken  from  spots  where  the  soil  is  reddish,  the 
grayish,  where  it  is  sand -colored ,  and  the  plumbc^ms  and  bluish 
from  soil  formed  by  decomposing  bluish  rock.  The  same 
variations  in  color  are  evident  in  the  horned  toads  {I'krynosoma) , 
as  found  on  various  colors  of  desert  soils. 

On  the  campus  of  Stanford  I'nivcrsily  there  is  a  little  pond 
whose  shores  are  covered  in  some  places  with  hits  of  bluish 
rock,  in  other  places  uith  bits  of  reddish  rock,  and  in  stiU 
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others  with  sand.  The  toad  bug  (Oalgultis)  lives  abundantW 
on  the  banks  of  this  pond.  Specimens  coUe<*ted  from  the 
blue  rocks  are  bluish  in  ground  color,  those  from  the  red 
rocks  are  reddish,  and  those  from  the  sand  are  sand-rokmd 
But  these  insects  have  fixed  colors ;  they  cannot,  like  the 
chameleon  and  certain  other  lizards,  or  like  numerous  smaB 
fishes  and  some  tree  frogs,  change  color,  quickly  or  slowhr. 
with  changes  in  position — that  is,  movements  from  green  to 
brown  or  to  other  colored  environment.  Variable  protertivt 
resemblance  in  insects  is,  as  far  as  known,  a  variability  dirertlr 
induced,  to  be  sure,  by  varying  environment,  but  all  ac^Mirwi 
during  the  development  of  the  individual  insects,  and  h\r<i  ^y 
the  time  they  reach  the  adult  stage.  But  chang<*8  of  nikr 
to  suit  the  changing  surroundings  can  be  quickly  made  in  the 
case  of  some  animals.  The  chameleons  of  the  tropin^,  whA» 
skin  changes  color  momentarily  from  green  to  brown,  blarki^fc 
or  golden,  is  an  excellent  example  of  this  highly  s{>ecia]tf^: 
condition.  The  same  change  is  8ho>^Ti  by  a  small  lizani  of  o.: 
iSouthcrn  States  (Anoh'Hs)^  which  from  its  habit  is  ralli-^i  •'- 
Flori^la  chainoloon.  There  is  a  little  fish  (Oiifforntt ttj<)  uh:' 
is  common  in  the  tide  ik>o1s  of  the  bay  of  Montoroy.  in  i:^:- 
fornia,  whose  color  chanjijea  (|uickly  to  harmonize  with  "t 
different  colors  of  the  rocks  it  haf>pens  to  rest  above.  M  k 
of  the  tree  frogs  show  this  variable  coloring. 

The  well-known  exiH»riments  of  Trimen,  Miillor.  and  \Wi\'  r 
on  the  pupating  larva*  of  swallow-tailed  butterfhos  (P(jt'\ 
and  of  Poulton  on  other  butterflies  of  numerou.s  s[^»rifs  a  •• 
naked  chrysiillds,  show  that  they  take  on  the  coh>r.  or  a  >}  r.  v 
resembling  it .  of  the  substance  surrounding  tht*se  larv:r,  Tr  •  • 
show  also  that  (he  result  is  due  to  a  stimulus  of  the  skin  h\  v- 
enclosing:  color,  an<l  not  to  a  stimulus  receive*!  thrifujch  •• 
eyc^s.  an<l  carried  to  the  skin  by  the  nerves.  I^rvip  ju<r  nai'- 
to  pupate  were  enelose<l  in  lH)xes  liniMl  with  pajH^r  of  difTrn." 
rolors;  the  clirysalids  when  formed  were  found  to  l>o  oolnn^i  * 
harnjonize  with  that  ])articular  shade  of  |>a|)er  by  whieh  ?*«• 
were  surrouiuled  while  pupating.  As  th<*se  chrysalids  in  naf.** 
hang  ex|M)s<Ml  on  bark  and  in  other  unsheltere<l  places.  witJ.**  " 
protecting  cnriMin  «»r  cover  <»f  any  kind,  the  actual  prottvt  •. 
vahuMif  this  liarmonious  coloration  is  obvious.  It  is  a  faiuiLi* 
fai't  to  entomol«»j:ists  that  most  butterfly  clirysalitls  ami  nak*-: 
pupie  of  moths  (unless  conceuleil  in  the  ground  or  elsowhm 


to.  300.— ChryHJid  o(  mllowtall 
bultnfly,  Papilio.  •hJch  cloHiLy  n- 
HDiblca  tba  birk  od  wbich  il  read. 
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resonihle  in  rolor  and  general  external  appearance  the  surface 

(if  tlip  r)bject  on  wliich  they  rest.     The  chrysalids  of  various 

I'apUiog  arc  indeed  marvelouuly 

faithful     imitations    of     bits    of 

rough  bark  (Fig.  250). 

The    larvic    (caterpillars)    of 

variou-s  moths,  particularly  Geo- 

motrid    and     Sphingid     species, 

often  appear  in  two  color  typea, 

one  brown  and  the  other  green. 

I'oulton    has   shown    by   experi- 
ment and  observation  with  some 

of  these  species  that  those  larvie 

reared   among  green   leaves  and 

twigs  become  green,  while  those 

on  dry  branches  become  brown. 

This    variable   protective   resemblance,  like  that  of   Trimtro- 

tropia,  Galgxdua,  and  the  Papilio  chrysalids,  also  is  fixed  after 
being  once  acquired. 

An  interesting  example  of 
color  harmony  which  may  be 
classified  under  the  head  of 
variable  protective  resem- 
blance is  that  of  the  larvffi  of 
Lycana  sp.,  abundant  on  the 
flower  heads  of  the  CaUfomia 
buckeye,  jEtndus  califomKits, 
that  blooms  in  May.  The  buds 
of  the  buckeye  arc  green,  or 
green  and  rose,  or  even  all 
rose  externally.  The  quiet 
sluglike  Lycienid  larvee  lie 
longitudinally  along  the  buds 
and  their  short  stems,  and 
are  either  green  with  faint 
rose  tinge,  especially  along 
the  middle  of  the  back,  or 
are  distinctly  rosy  all  over, 
depending   strictly   u|>on    the 

color  tone  of  the  particular  branch  serving  as  their  habitat. 

The  correspondence  in  shade  of  color  is  strikingly  exact:  the 


Fin,  2SI.— Two  let!  happen  or  ment- 
bnciils:  Tba  upper  one.  Xtnrfi/iyllum 
timiU;  (be  lowm  one.  CladamitMl  Auin- 
hrtianut.     (Af(er  Bolivu.) 
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utter  indistinguishability  of  the  larvse  is  something  that  needs 
to  be  experienced  to  be  fairly  realized. 

Far  more  striking  are  those  eases  of  protective  resemblance 
in  which  the  animal  re- 
sembles in  color  and  shape, 
sometimes  in  extraordi- 
nary detail,  some  partic- 
ular object  or  part  of  its 
usual  environment.  Cer- 
tain parts  of  the  Atlantic 
Ocean  are  covered  with 
great  patches  of  seaweed 
called  the  Gulf  weed  (<Sar- 
ga88Ufn)f  and  many  kinds 
of  animals  —  fishes  and 
other  creatures — live  upon 
and  among  the  algse.  No 
one  can  fail  to  note  the 
extraordinary  color  resem- 
blances which  exist  be- 
tween these  animals  and 
the  weed  itself.  The  gulf 
weed  is  of  an  olive-yellow 
color,  and  the  cral^  and 
shrimps,  a  certain  flat- 
worm,  a  certain  mollusk, 
and  certain  little  fishes, 
all  of  which  live  among 
the  Sargcuisumy  are  exactly 
of  the  same  shade  of  vel- 
low  as  the  weed,  and  have 
small  white  markings  on 
their  bodies  which  are 
characteristic  also  of  the 
Sarg<i88iim,  The  mouse- 
fish  and  the  little  sea- 
horses, often  attached   to 

the  Gulf  weed,  show  the  same  traits  of  coloration  (Fig.  252). 
The  slonder  grass-green  caterpillars  of  many  moths  and  butter- 
flies resemble  very  closely  the  thin  grass  bhi<les  among  whicli 
they  Uve.    The  larvse  of  the  geometrid  moths,  called  inch  worms 


Fio.  253. — A  Geometrid  larva  on  a  branch. 
(The  larva  in  the  upper  right-hand  projection 
from  the  twig.) 
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nworms.  arc  twiglike  in  appearance,  and  have  the  haini. 
n  disturbed,  of  standing  out  stiffly  from  the  twig  or  brwi 

which  they  rest,  so  as  to  resemble  in  po^itioo  as  vdl  « 
^lor  and  markiugs  a  ehort  or  a  broken  twig.     One  of  the 


most  striking:  resemblances  of  this  sort  is  shown  by  the  Urfe 
geomctrid  larva  iUuatrated  in  Fie.  253,  which  was  found  net 
Ithaca,  New  York.  Tlie  body  of  this  caterpillar  has  a  few  smaQ. 
irrcRiihir  s]HitM  or  himips.  resembling  very  closely  the  sears  Wl 
by  fallen  buds  or  twigs.  These  caterpillars  have  a  special  mit>- 
cular  development  to  enable  them  to  hold  theiuselvrs  ri^illy 
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for  long  times  in  this  trying  attitude.  Thoy  also  lack  the 
middle  proplegs  of  the  body,  common  to  other  lepidopterous 
larvae,  the  presence  of  which  would  tend  to  destroy  the  illusion 
80  successfully  carried  out  by  them.  The  common  walking 
stick  (Diapheromera)  (Fig.  254),  with  its  wingless,  greatly 
oiongate,  dull-colored  body,  is  an  excellent  example  of  special 
protective  resemblance.  It  is  quite  indistinguishable,  when  at 
rest,  from  the  twigs  to  which 
it  is  clinging.  Another  member 
of  the  family  of  insects  to  which 
the  walking  stick  belongs  is  the 
famous  green-leaf  insect  (Pki/l- 
lium)  (Fig.  256).  It  is  found 
in  South  America  and  is  of 
a  bright  green  color,  with  broad 
loanikc  wings  and  body  with 
markings  which  imitate  the  leaf 
veins,  and  email  irregular  yel- 
lowish spots  which  mimic  decay- 
ing or  stained  or  fungus-covered 
8|)ot8  in  the  leaf. 

There  are  many  butterflies 
that  resemble  dead  leaves.  All 
our  common  meadow  browns 
(Grapla),  brown  and  reddish 
Imtterflies  with  ragged -edged 
wings,  that  appear  in  the  autumn 
and  flutter  aimlessly  about  ex- 
actly   like    the     falling    leaves, 

show  this  resemblance.  But  most  remarkable  of  all  is  a  large 
butterfly  (KaUima)  (Fig.  257)  of  Ihe  East  Indian  region.  The 
upper  sides  of  the  wings  are  dark,  with  purplish  and  orange 
markings,  not  at  all  resembling  a  dead  leaf.  But  Die  butter- 
flies when  at  rest  hold  their  wings  together  over  the  back, 
so  that  only  the  under  sides  of  the  wings  are  exposed.  The 
imder  sides  of  KaUima'a  wings  are  exactly  the  color  of  a  dead 
and  dried  leaf,  and  the  wings  are  so  held  that  all  combine  to 
mimic  with  extraordinary  fidelity  a  dead  leaf  siill  attJuhwi  to 
the  twig  by  a  short  pedicle  or  louf-Htalk  imitaKil  by  a  short  tail 
on  the  hind  wings,  and  showing  midrib,  oblique  vcin.t.  and, 
moHt  remarkable  of  all,  two  apimrcnt  IkiIcm,  like  those  made 


EVOLUTION   AND  ANIMAI,  UFB 


in  leaves  hy  insects,  but  in  the  butterfly  imitated  by  tTTOMnaV 
circular  spots  free  from  erales  unci  hence  clear  and  transpaumt 
With  the  lieatl  and  feelers  conc«aIed  beneath  the  win^,  it  oiake* 
the  rcsemWiini-e  wonderfully  exact. 


i 


Flo.  3S7.— Kalliw).  th*  '  <lMd-kMi  huttsfr." 


The  niothfl  nr  the  Kenns  Ct/malajitu>ra.  mnd  titrir  larvtf  mbai,  I 
mostly  liarinonir.e  excellently  itith  the  fcray  bark  on  whtrh  they  f 
nwt,  the  motlm  adding  to  their  fEoneriil  simulation  (ho  eorioua 
habit  of  reeling,  often  with  foldi-<l  nings.  at  an  an^e  of  forty- 
fivr  degn-dt  with  the  tree  trunk,  heivil  dnwnward,  with  the  j 
curioiiflly  blunt  and  uneven  wing  Ii]M  projecting,  «o  as  to  imitate  | 
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with  great  fidelity  a  short  broken- 
ofT  branrh  or  chip  of  bark.  Nu- 
merous other  tuotha  and  caterpil- 
lars resemble  bark  and  habitually 
rest  on  it.  CotocoZa,  Schixura, 
and  other  genera  furnish  ex- 
amples familiar  to  the  moth  col- 
lector. 

There  are  numerous  instances 
of  special  protective  resemblance 
among  spiders.  Many  spiders 
ttiat  live  habitually  on  tree 
trunks  resemble  bita  of  bark  or 
small,  irregular  masses  of  lichen. 
A  whole  family  of  spiders,  which 
live  in  flower  cups  lying  in  wait 
for  insects,  are  white  and  pink 
and  particolored,  resembling  the 
markings  of  the  special  flowers 
frequented  by  them.  This  is,  of 
course,  a  special  resemblance  not 
so  much  for  protection  as  for  ag- 
gression; the  insecta  coming  to 
visit  the  flowers  are  unable  to 
distinguish  the  spiders  and  fall 
an  easy  prey  to  them. 

Any  field  student  of  insects, 
by  paying  attention  to  the  matter  of  npccial  protective  resem- 
blance, ctn  soon  make  up  a  striking  lixt  of  examples.  Rome 
of  these  may  be  more  convincing  to  him  than  to  persons  see- 
ing his  specimens 
in  the  collecting 
boxes,  and  some 
indeed  will  prob- 
ably be  ques- 
tioned bv  clofK't 
naturalists.  Hut 
nevertheless  no 
collector  or  field 
student  lias 
failed    to   note 
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■v        11     ,('«  iif  this  clever  artifice  of  Nature  to  |ircrtrrt  brr 

the  firltl  atmloni  may  !»  relied  on  to  note  ottii  rwwrj  a 

;  u8t  of  insects  colored  ntul  murked  m  ut  to  luu-mnnue  «t11 

h  tlieir  general  environment  or  with  some  specific  \mrt  at  it, 

inay  also  Ix?  relied  on  to  bring  in  a  littl  of  op|>o«<it«)!i;  a  record 

1  bizarre  and  conspicuous  forms,  colored  with  brilltant  blue* 

nd  grecnR  and  streaked  anil  Hixitled  in  a  ninnn<T  utivrly  at 

-arianco  and  in  contrast  with  the  foliogv  or  soil  or  bark  or  wliai- 

ver  is  tlie  usual  environment  of  the  insect.     Ttir  grc^t  ird- 

uruwn    nionarcli    bultertly    and    its   liluck'-stripcd    ^ijvfu   and 

yellowish  larva,  the  tiger-banded  swallowtails,  tbo  blark  and 


tl...  -Ml.      I^ly 


ily  culoml  baJ  it 


yellow  wa^i>a  mid  1m>cs,  the  ladybird  l>eetlea  with  their  sharply 
contrasting  colors,  the  brilliant  ftreen  blister  beetles,  the  sirifx^ 
and  s|K>ttcd  chrysomelids  —  in  all  these  and  many  others 
there  can  l)e  no  talk  uf  protective  resemblance.  If  only  such  a 
imradoxicnl  llieorv  as  protective  conspicuouaneea  rould  l>e 
establi.shcd ,  then  lliese  colors  and  markings  might  well  lie 
explained  by  it. 

ICxacily  sucli  an  exi>lanalion  of  brilliant  eolorand  oonlra.-it- 
ing  markiiiKs  is  afforded  by  the  theorj-  of  warning  colors.  It 
has  Ix-cn  ruiuliisivi'ly  shown,  by  observation  and  exi)erimeni 
by  several  iiaHiralists.  that  many  insects  are  distasteful  to 
birds,  li/iirds.  and  other  jiredaeeoua  enemies.  This  is  so  Im> 
cause  the  IiUkmI  lymph  or  some  s|)ccialiy  secreted  body  fluid  >>f 
these  insecis  contains  an  acrid  or  ill-tastinfc  substance  so  thai 
birds  will  not.  if  Ihey  can  recognize  the  kind  of  insect,  nmke 
any  attempt  lu  eulch  or  eat  one.      Tliis  letting  alone   is  un- 
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doubt odly  the  result  of  previously  made  trials;  that  is,  it  has 
l)een  learned  by  experience.  Now  it  would  obviously  be  of 
advantage  to  those  species  of  insects  that  are  ill-tasting,  if 
their  coloring  and  pattern  were  so  distinctive  and  conspicuous 
as  to  make  them  readily  known  by  birds,  and  once  learned 
easily  seen.  A  distasteful  caterpillar  nwds  to  advertise  its 
unpalatability  so  effectively  that  the  swooping  bird  will  recog- 
nize it  before  making  that  single  sharp-cutting  stroke  or  peck 
that  would  be  as  fatal  to  a  caterpillar  as  })eing  wholly  eaten. 
Hence  the  need  and  the  utility  of  warning  colors.  And  indeed 
the  distasteful  insects,  as  far  as  recognized,  arc  mostly  of  con- 
spicuous colors  and  patterns. 

Such  warning  colors  are  presumably  possessed  not  only  by 
unpalatable  insects,  but  also  by  many  that  have  certain  sjx^cial 
means  of  defense.  The  wasps  and  bees,  provided  with  stings, 
dangerous  to  most  of  their  enemies,  are  almost  all  conspicu- 
ously marked  with  yellow  and  black.  Many  bugs,  well  defended 
by  sharp  beaks,  possess  a  conspicuous  color  pattern. 

Numerous  other  animals  besides  insects  also  are  l)elieved 
to  have  warning  colors.  The  Gila  monster  (Heloderma),  the 
only  poisonous  lizard,  differs  from  moat  other  lizards  in  being 
strikingly  patterned  with  black  and  brown.  Some  of  the  ven- 
omous snakes  are  conspicuously  colored,  as  the  coral  snakes 
(Elajhs)  or  coralillos  of  the  tropics.  The  naturalist  Belt,  whose 
observations  in  Nicaragua  have  added  much  to  our  knowledge 
of  tropical  animals,  describes  as  follows  an  interesting  example 
of  warning  colors  in  a  species  of  frog: 

"In  the  woods  around  Santo  Domingo  (Nicaragua)  there  are  many 
froRs.  Some  are  green  or  brown  and  imitate  green  or  dead  leaves, 
and  live  among  foliage.  Others  are  dull  earth-colored,  and  hide  in 
holes  or  under  logs.  All  these  come  out  only  at  night  to  feed,  and  they 
are  all  preyed  uj)on  by  snakes  and  birds.  In  contrast  with  these  ob- 
scurely colored  sixjcies,  another  little  frog  hoj>s  about  in  the  daytime, 
dreiw<Ml  in  a  bright  livery  of  red  and  blue.  He  cannot  !k»  mistaken  for 
any  other,  and  his  flaming  breast  and  blue  stcM'kinp^  show  that  he  does 
not  court  concealment.  He  i«  very  abundant  in  the  damp  woods,  and 
I  was  convinced  he  was  uneatable  so  sf)on  as  I  made  his  acquaintance 
and  saw  the  happy  scMise  of  security  with  which  he  hopjHMl  alxmt.  I 
took  a  few  s|M»cimens  home  with  me,  and  triiMl  my  fowls  and  ducks 
with  them,  but  none  would  touch  them.     At  last,  by  throwing  down 
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pieces  at  meftt,  for  which  there  was  s  great  competition  unonf;  tlwa, 
I  tnanaged  to  entice  s  young  duck  into  snatching  up  one  of  tlw  fittit 
frogs.  Instead  of  swallowing  it,  however,  it  instftntly  threw  it  out  of 
its  mouth,  and  went  about  jerking  its  head,  as  if  tiying  to  throw  off 
some  impleaaant  taste." 

CertuD  other  insects  which  are  without  special  means  of 
defense  and  are  not  at  all  formidable  or  dangerous,  are  yel  so 
marked  or  shaped  and  so  behaved  as  to  present  a  curiously 
threatening  appearance.  The  large  green  caterpillars  of  the 
sphinx  moths  have  a  curious  rearing-up  habit  which  seems  to 
wmulate  threateiwd 
attack  (Fig.  281). 
They  ha\-e,  too.  a 
great  pointed  spine 
or  horn  on  the 
back  of  the  pos- 
terior   tip    of    the 

Fin.  361.— A-tobueo-worm.'lmrvBnf  IliDiiphintmoth,      body    whlrh     haK    a 
Phltgtthmiiutrarolina.awvrintwmty'mtnttitwit.  moSt    formidable 

appearanpp,  bat  U. 
as  a  matter  of  fact,  not  at  all  a  weapon  of  dcfenHC,  hoinfc  quite 
harmlosn.  Numerous  stin^lexa  inaecta,  when  disturlxHl,  wave 
about  the  hind  part  of  the  l)ody  or  curl  it  over  or  under,  miieh 
aa  stinEing  insect.s  do.  and  seem  to  be  threateninfc  to  sting. 
The  slriking  eye  s[K)ts  of  man\'  inMcets  are  believed  by  some 
entomologists  to  Ih-  of  the  nature  of  terrifying  markinfrs.  Mar- 
nhall  trieil  feeding  biilKtonm  a  full-gronTi  larva  (about  seven 
inehes  long)  of  llie  sj)titnx  moth,  Chiirocampa  oairis.  The 
larva  hiw  large  strongly  colored  eye  spots  and  is 

"rem»rkali1y  sniik<-liki',  the  general  i-olnriiig  somewhat  reewUing  ihnl 
of  the  i-i)ininoi)  |>urr-ii(l<l)'r,  Ihlui  aridanx.  The  female  baboon  rait  [or- 
WHnl  i'\i>eHitig  H  lithil,  liiit  when  nhr  »iw  what  1  had  brought  At 
Hirked  i(  out  of  my  liiiml  mi  to  the  gnniiiil,  at  the  same  time  jumpinc 
bark  !<iis|iiii.ius]y:  she  lliiii  ii[i|inmr!ii'ii  il  very  eautioutdy,  and  aftt-r 
|K-eriiig  iiinfiiUy  nt  ii  !ir  llw  ilislniii'c  I'f  iiIhiiK  a  fiHit  she  withdn-w  in 
aliimi.  iK-irij;  ili-iirly  miicli  iiiiprcs.s«il  liy  ilic  litrge  blue  ej-elike  niark- 
inpt.  The  male  IisImhui.  which  has  a  iiiuch  nion*  rier\-nus  tem|iera- 
nient,  \uu\  niriitiwhilc  rettiiiitieil  nt  n  ilistiiiiii-  !<iirveyingthepro(v«^1ing!<. 
HO  I  picked  up  a  caterpillar  and  brought  it  towards  them,  but  ibey 
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would  not  let  me  approach,  and  kept  running  away  round  and  round 
their  pole,  so  I  threw  the  insect  at  them.  Their  fright  was  ludicrous 
to  see ;  with  loud  cries  they  jumped  aside  and  clambered  up  the  pole  as 
fast  as  they  could  go,  into  their  box,  where  they  sat  peering  over  the 
edge  watching  the  uncanny  object  below."     (Marshall.) 

Marshall  also  writes  concerning  the  markings  on  the  wings 
of  the  mantis,  Paevdocreobotra  vxMbergi : 

"  They  are,  I  think,  almost  certainly  of  a  terrifying  character.  When 
the  insect  is  irritated,  the  wings  are  raised  over  its  back  in  such  a 
manner  that  the  tegmina  stand  side  by  side,  and  the  markings  on  them 
present  a  very  striking  resemblance  to  the  great  yellow  eyes  of  a  bird 
of  prey  or  some  feline  animal,  which  might  well  deter  an  insectivorous 
enemy.  It  is  noticeable  that  the  insect  is  always  careful  to  keep  the 
wings  directed  toward  the  point  of  attack,  and  this  is  often  done  with- 
out altering  the  position  of  the  body." 

Still  another  use  is  believed  by  some  entomologists  to  be 
afforded  by  such  markings  as  ocelli  and  other  specially  con- 
spicuous spx>ts  and  flecks  on  the  wings  of  butterflies  and  moths, 
and  by  such  apparently  useless  parts  as  the  ''  tails  "  of  the  hind 
wings  of  the  swallowtail,  and  Lyccenid  butterflies,  and  others. 
Marshall  occupied  himself  for  a  long  time  with  collecting  butter- 
flies which  had  evidently  been  snapped  at  by  birds  (in  some 
cases  the  actual  attack  being  observed)  and  suffered  the  loss  of 
a  part  of  a  wing.  Examining  these  specimens  when  brought 
together,  Poulton  and  Marshall  noted  that  the  ''great  majority 
[of  these  injuries  to  the  wings]  are  inflicted  at  the  anal  angle 
and  adjacent  hind  margin  of  the  hind  wing,  a  considerable 
number  at  or  near  the  apical  angle  of  the  fore  wing,  and  com- 
paratively few  between  the  points."  In  this  fact,  coupled  with 
the  fact  that  the  apical  and  hind  angles  of  the  fore  and  hind 
wings  respectively  are  precisely  those  regions  of  the  wings  most 
usually  specially  marked  and  prolonged  as  angidar  processes  or 
tails,  Poulton  sees  a  special  significance  in  the  patterns  of  these 
wing  parts.  He  thinks  they  are  "directive  marks  which  tend 
to  divert  the  attention  of  an  enemy  from  more  vital  parts." 
It  is  obvious  that  a  butterfly  can  very  well  afford  to  lose  the 
tip  or  tail  of  a  wing  if  that  loss  will  save  losing  head  or  abdomen. 
Poulton  sees  a  "remarkable  resemblance  of  the  marks  and 
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sti'iii'tures  ut  tlie  anni  aug]e  of  the  Uiml  wiiijc.  tinder  c 
many  I,ycanui(r,  t(i  a  licniJ  with  unlcnnii-  iwid  vyvs."  ami  r 
tliat  this  has  bcon  imiGpendently  noticed  liy  many  oOnt  « 
BiTverB.    Tlie  niovemenlg  of  tJie  hind  wings  by  ulucii  Ifac  tail^l 
which  appear  like  antenna-,  are  made  continuuUy  to  j 
repass  cacli  other,  add  preatly  to  Ihis  rewnil dance. 

Very  many  specios  nf  aniTiin:--   r-:ffr!'i!'--  .-t;  ,  ■ 
brales,  possess  ecrt.itiii  il;-(i(ii  ! . 


have  \x-en  (tii|>|X)scd  to  servp  us  rceogiiitioo   marks  to  i 
animals  of  the  same  spccitM.     In  this  theory,  lUnv  iuarl»  a 
a  swift   ineaas   of   knowing    friends  from   rncniitsi.     Of   i 
nature  are  llie  wliite  tuft«  at   the  tail  of  the  eott<inuU  ralih 
the  black  jjatch  of  the  hlacktjiil  dr-er,  the  flanks  of   thr 
Mountain  tintrhi[H',  the  concealed  scHrlel  crret  of  tlir  kinfftu 
the  fiery  nhoulder  of  the  redwing  blaekhird.  the   XAup  bimv 
nf  the  duck,  (he  hiaek  hiirs  and  eye  8[>ot3  of  i\w  butterfly  : 
(Chalixton),  and    the   jK-cidiar  marks  of  one  form  . 
on  a  host  of  mammals,  hirdit,  re]itiW,  and  lishe*. 

It  is  very  ea»y  to  indicate  recoKnition  marks.    Iveelor,  a 
ntlient.  has  given  an  elalxirate  li:«t  of  the  prindpal  c 
Anu^can  birds,  and  there  is  scurcvly  a  s])ecie«  witl 
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more.  Nevertheless  we  are  not  sure  that  many,  or  even  any 
of  them,  actually  serve  the  purpose  of  recognition  among  the 
animals  tliemselves,  however  convenient  they  may  be  to  us 
wlu)  study  tliem.  However  plausible  tlie  theory  of  recognition 
marks  may  seem,  it  is  still  not  proved  to  have  any  objective 
basis. 

Of  all  the  theories  accounting  for  the  utility  of  color  and 
pattern,  that  of  mimicry  demands  at  first  thought  the  largest 
degree  of  credulity.  As  a  matter  of  fact,  however,  the  observa- 
tion and  evidence  on  wliich  it  rests  are  as  convincing  as  are  those 
for  almost  any  of  the  other  forms  of  protective  color  pattern. 
Although  the  word  "mimicry"  could  often  have  been  used 
aptly  in  the  account  of  special  protective  resemblance,  it  has 
been  reserved  for  use  in  connection  with  a  specific  kind  of 
imitation;  namely,  the  imitation  by  an  otherwise  defenseless 
insect,  one  without  poison,  beak,  or  sting,  and  without  acrid 
and  distasteful  body  fluids,  of  some  other  specially  defended  or 
inedible  kind,  so  that  the  mimicker  is  mistaken  for  the  mimicked 
form  and,  like  this  defended  or  distasteful  form,  relieved  from 
attack.  Many  cases  of  this  mimicry  may  be  noted  by  any 
field  student  of  entomology. 

Buzzing  about  flowers  are  to  be  found  various  kinds  of  bees, 
and  also  various  other  kinds  of  insects  thoroughly  l)eelike  in 
appearance,  but  in  reality  not  bees  nor,  like  them,  defended 
by  sting.  These  bee  mimickers  are  mostly  flies  of  various 
families  (Syrphidcey  Asilidw,  Bomhyliidd),  and  their  resem- 
blance to  bees  is  sufficient  to  and  does  constantlv  deceive 
collectors.  We  presume,  then,  that  it  equally  deceives  birds 
and  other  insect  enemies.  Wasps,  too,  are  mimicked  by  other 
insects;  the  wasplike  flies,  ConoyidiE^  and  some  of  the  clear- 
winged  moths,  SesiidiE  are  extremely  wasplike  in  general 
seeming. 

The  distasteful  monarch  butterfly,  Anosia  plexippus,  vade- 

spread  and  abundant — a  successful  butterfly,  whose  success 

undoubtedly  largely  depends  on  its  inedibility  in  both  larval  and 

imaginal  stages — is  mimicked  with  extraordinary  fidelity  of  detail 

by  the  viceroy,  Basilarchia  archippiis  (Fig.  263).      The  Basil- 

archias,  constituting  a  genus  of  numerous  species,  are  \^nth  but 

two  or  three  exceptions  not  at  all  of  the  color  or  pattern  of 

Anosia,  but  in  the  case  of  the  particular  sj^ecies  archippua, 

not  only  the  red-brown  ground  color,  but  the  fine  pattern 
26 
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details  in  black  and  whitish,  copy  faithfully  the  details  in  Anoaia; 
only  in  the  addition  of  a  thin  blackish  line  acroes  the  diecal  area 
of  the  hind  nnngs  does  archippug  show  any  noticeable  difference. 
The  viceroy  is  believed  not  to  be  distasteful  to  birds,  but  its 
close  mimicry  of  the  distasteful  monarch  undoubtedly  leads 
to  its  being  constantly  mistaken  for  it  by  the  birds  and  thus 
left  unmolested. 

The  subject  of  mimicry  has  not  been  studied  largely  among 
the  insects  of  our  country,  but  in  the  tropics  and  subtropics 
numerous  striking  examples  of  mimetic  forms  have  been  noted 
and  written  about.  The  membera  of  two  large  families  of  butter- 
flies, the  Danaidfe  and  Heliconida;,  are  distasteful  to  birds, 
and  are  mimicked  by  many  species  of  other  butterfly  families, 
esjwcially  the  Pieridie,  and  by  the  swallowtails,  Papilionidie. 
Many  plates  illustrating  such  cases  have  been  published  by 
I'oulton  and  Marshall,  Haasc,  Weisnmnn,  and  others,  Shelford, 
in  an  extended  account  of  mimicry  as  exemplified  among  the 
insects  of  Borneo,  refers  to  and  illustrates  many  striking  ex- 
amples among  the  beetles,  the  Hemiptera,  Diptera,  Orthoptera, 
Neuroplera,  and  moths;  distasteful  Lycid  beetles  are  closely 
mimicked  by  other  beetles,  by  Hemiptera,  and  by  moths; 
distasteful  ladybird  beetles  are  mimicked  by  Hemiptera, 
Orthoptera,  and  by  other  beetles;  stinging  Hymenoptera  are 
mimicked  by  stingless  Hymenoptera,  by  beetles,  flies,  bugs, 
and  moths.  Poulton  and  Marshall,  in  their  account  of  mimicry 
among  South  African  insects,  publish  many  colored  plates 
revealing  most  striking  resemblances  between  insects  well 
defended  by  inedibility  or  defensive  weapons,  and  their  mim- 
ickers.  Our  space  imfortunately  prevents  any  specific  con- 
aideration  of  these  various  interesting  cases. 

The  special  conditions  under  which  mimicry  exists  have  been 
seriously  studied  and  are  of  extreme  interest.  It  is  obvious  that 
the  inedible  or  defended  mimicked  form  must  be  more  abundant 
than  the  mimicker,  so  that  the  experimenting  young  bird  or 
hzard  may  have  several  chances  to  one  of  getting  an  ill  taste 
or  a  sting  when  he  attacks  an  insect  of  certain  tyi>e  or  pattern. 
This  re(|uirement  of  relative  abnndance  of  mimicker  and 
mimicked  seems  aeluiilly  met,  as  pmved  by  oltservation.  In 
some  ca.ses  only  females  of  a  species  indulge  in  mimicry,  the 
males  being  unmiKlified.  This  is  explained  on  the  ground  of 
the  particular  necessity  for  protection  of  the  egg-laden,  heavy- 
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fljring,  long-livedy  and  hence  more  exposed  females,  as  compoml 
with  the  lighter,  swifter,  short-lived  males. 

It  has  been  fomid  that  individuate  of  a  sin^e  species  may 
mimic  several  different  species  of  defended  insects,  this  poly- 
morphism of  pattern  existing  in  different  localities,  <»-  imlffd 
in  a  single  one.  Marshall  believes  that  seasonal  polychromat- 
ism  of  certain  butterfly  species  is  associated  with  the  mimirn' 
of  certain  defended  butterflies  of  different  species,  thcsse  diffennt 
species  appearing  at  different  times  of  the  year. 

It  is  needless  to  say  that  such  hypotheses  and  theories  i< 
the  utility  of  color  and  pattern  have  been  subjected  to  mu^-f. 
criticism,  both  adverse  and  favorable.  The  necessit  v  for  limit  iiut 
results  within  the  working  range  of  efficient  causes  has  hers 
the  soundest  basis,  in  our  judgment,  for  the  adverse  critirlsr. 
of  the  theories  of  special  protective  resemblance,  waminr 
colors,  and  mimicry.  Until  recently  most  of  the  ohs<ervatit>L« 
on  which  the  theories  are  based  have  been  simply  obcterA'stiMn? 
proving  the  existenco  of  reniarkal)le  similarities  in  a|>|M^ar:in<f '  • 
equally  striking  contrasts  and  hizurreric.  Th«»  usi^fulnfr^- 
these  similarities  and  contrasts  had  lK*en  dcHlurtMl  Ioi:i.a.; 
but  not  provoil  experimentally  nor  by  direct  ol>s*»rvatii»n.  ;• 
recent  years,  liowever,  a  much  sounder  htxAs  for  tlu^st'  thit.:.*- 
has  been  laid  by  exiHTiniental  work.  Tliere  is  now  <in  r»M-..-: 
a  large  amount  of  strongevidencefor  the  validity  of  th«»  hvf»»'l- 
esis  of  mimicry.  Certainly  no  other  hyi>oth<»sis  of  «■-...» 
valiclity  with  that  of  j)rotective  resemblance  and  mimirry  'i- 
l)een  proi)ose(l  to  explain  the  numerous  striking  cas<»s  of  <iiii:i:i"- 
ity  and  th(»  significant  conditions  of  Hfe  acconi|ninyinir  thi*  i  "^- 
ist(»ncc  of  thes(»  cast^,  which  have  lH*en  recordtnl  as  the  r»- . " 
of  much  laborious  and  intlefatigable study  by  certain  natur;ii>'' 

Plateau   and    WJKH'icr   have  taste<l  so-callinl    ininiiMt'   .i*  . 
distasteful  insects  and  found  nothing  particularly  ili>iicn-»^;i'  • 
about  them.     Hut  as  Poulton  sugg(*sts,  the  <juestion  is  n.«*    - 
to  the  palate  of  Plateau  ami  Wheeler  nor  of  any  nuin  :  it  con<>  r-  - 
the  taste  of  l)irds,  lizards,  etc.      Better  evidence'  is  that  arTMp:*-: 
by  actual  observation  of  feeding  birds  and  lizanis:  «if  vw^" - 
mental  olTering  under  natural  conditions  of  allegc'il  «ii<t;i-ri- 
insects  to  their  natural  enemies,     Marshall's  ol>s<»rvati«»:i<  :ir 
ex|MTiinents    on    th(»    point    are   sugge.*«tive   and    iindtMtbrt^: 
reliabN'.     Much  more  work  of  the  same  kind  is  nctHltMi. 

Th(^  efficient  cause  for  bringing  color  and  pattern  up  t«»  >-. 
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a  high  degree  of  speciahzation  has  been  assumed,  by  nearly  all 
upholders  of  the  use  hypotheses,  to  be  natural  selection.  This 
agent  can  accoiuit  for  ])ur|>osefulness,  which  in  obviously  an 
inherent  part  of  nil  the  hyjwtheseK.  Ami  no  other  suggested 
agent  can.  WeiHnitinn  makes,  indeed,  of  this  faet,  by  inverting 
the  problem,  one  of  the  most  effecti\e  arguments  for  the  potency 
and  "  AUmachl"  of  natural  selection.  He  declares  that  the 
existence  of  special  protective  resemblance,  warning  colors, 
and  mimicry  proves  the  reahty  of  selection.  But  it  must  be 
aske<l,  while  odmittinf;  the  cogency  of  much  of  the  argument 
for  natural  selection  as  the  efiicient  cause  of  high  specialization 
of  color  and  pattern  as  we  have  seen  it  actually  to  exist,  how 
such  a  condition  as  that  shown  by  the  mimicking  viceroy  butter- 
fly has  come  to  be  gradually  develo|xKl — gradual  development 
being  confes.sedly  selection's  only  mode  of  working.  Could  the 
viceroy  have  hod  any  protection  for  itself,  any  advantage  at  all, 
until  it  actually  so  nearly  resembled  the  inedible  monarch  as 
to  be  mistaken  for  it?  No  slight  tinge  of  brown  on  the  black 
and  white  wings  (the  typical  color  scheme  of  the  genus),  no 
slight  change  of  marking,  would  be  of  any  service  in  making 
the  viceroy  a  mimic  of  the  monarch.  The  whole  leap  from 
typical  Basilarchia  to  (apparently)  typical  Anoxia  had  to  be 
made  practically  at  once.  On  Ihe  other  hand,  is  it  necessary 
for  Kaiiima,  the  simulator  of  dead  leaves,  to  go  so  far  as  it  has 
in  its  modification?  Such  minute  points  of  detail  are  there 
as  will  never  Xm  noted  by  bird  or  lizard.  The  simple  necessity 
is  the  effect  of  a  dead  leaf;  that  \s  all.  Katlima  certainly  does 
that  and  more.  Kallima  goes  Um  far  and  proves  too  much. 
And  there  are  other  cases  like  it.  Natural  selection  alone  could 
never  carry  the  simulation  punt  the  point  of  advantage. 

But  whatever  other  factors  or  agents  have  played  a  part  in 
bringing  about  tills  specialization  of  color  and  pattern,  exem- 
pUfied  by  animals  showing  protective  resemblancer 
colors,  terrifying  manners,  and  mimicry,  naturrl  se 
undoubtedly  l>een  the  chief  factor,  and  the  basiB 
the  chief  foundation,  for  the  development  of  the  ; 
conditions. 
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REFLEXES,    INSTINCT,  AND    REASON 

We  live  in  a  world  whicli  in  full  of  niis^rj'  and  JKri'trarx-o.  and  ll 
indutyof  each  mill  HUi>r  UN  ixUi  try  ti>iimk<-  tlir  tittlu  runirrbrn 
>uence  Btunewhat  less  miwrtiblB  nnd  Mimpwlint  lew  iKiK^nuit  ihac  it 
wbs  before  he  entered  it.  To  do  thi«  effeclusUy  it  is  ovevtmrnrj  Ut  b 
fuUy  poaaeflHed  of  two  beliefs — the  first,  lluit  the  order  oi  ttmtan  w 
uoertainable  by  our  fartiltiea  to  an  ext«i)t  whieb  la  praelii^j  n- 
limit^;  the  second,  Ihiit  our  volitiun  Foutits  for  soniethiiig  ma  «  amo- 
tion of  the  course  of  events. 

Each  of  these  beliefs  can  be  verified  experimentally  as  oft«n  •■  «f 
like  to  try.  Each,  therefore,  stands  upon  the  atrongest  foundation  uimm 
which  any  belief  can  rest,  arid  forms  one  of  our  highest  truths.  If  «e 
find  that  the  ascertainment  of  the  order  of  nature  is  facilitated  bv  wiK 
one  terminology  or  one  set  of  symbols  rather  than  another,  it  is  ow 
elear  duty  to  use  the  former;  and  no  harm  can  accrue  90  long  u  wc 
bear  in  mind  that  we  are  dealing  merely  with  tenns  and  symbob.— 

HVXLET. 

All  animals  of  whatever  degree  of  organisation  show  ia 
life  the  quality  of  irritability  or  response  to  external  stimuluj. 
Contact  nith  external  things  produces  some  effect  on  each  ai 
them,  and  this  effect  seeins  to  be  something  more  than  tbf 
mere  mechanical  effect  on  the  matter  of  which  the  animal  is 
composed.  In  the  one-celled  animals,  the  functions  of  rvepoow 
to  external  stinuilus  arc  not  localized.  They  are  the  propertT 
of  any  part  of  the  protoi)lasm  of  the  body.  Just  as  breathing 
or  digestion  is  a  function  of  the  whole  cell,  so  are  sensation  and 
response  in  action.  In  the  higher  or  msny-oeUed  anlmab 
each  of  these  functions  is  specialized  and  localised.  A  colaiii 
set  of  eellH  is  set  apart  for  each  function,  and  each  organ  cr 
series  of  colls  is  rcleusod  from  all  functions  save  its  own. 
42a 
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In  the  more  highly  organized  animals  certain  cells  from  the 
primitive  external  layer  or  ectoblast  of  the  embryo  are  early 
set  apart  to  record  the  relations  of  the  creature  to  its  environ- 
ment. These  cells  are  highly  specialized,  and  while  some  of 
them  arc  highly  sensitive,  others  are  adapted  for  carrying 
or  transmitting  the  stimuli  received  by  the  sensitive  cells,  and 
still  others  have  the  function  of  receiving  sense  impressions  and 
of  translating  them  into  impulses  of  motion.  The  nerve  cells 
arc  receivers  of  impressions.  These  are  gathered  together  in 
nervo  masses  or  ganglia,  the  largest  of  these  being  known  as 
the  brain,  the  ganglia  in  general  being  known  as  nerve  centers. 
The  nerves  are  of  two  classes.  The  one  class,  called  sensory 
nerves,  extends  from  the  skin  or  other  organ  of  sensation  to 
the  nerve  center.  The  nerves  of  the  other  class,  motor  nerves, 
carry  impulses  to  motion. 

The  brain  or  other  nerve  center  sits  in  darkness  surrounded 
by  protecting  tissues  or  a  protecting  box  of  bone.  To  this  brain, 
nerve  center,  or  sensorium  come  the  nerves  from  all  parts  of 
the  body  that  have  sensation — the  external  skin  as  well  as  the 
special  organs  of  sight,  hearing,  taste,  smell.  With  these  come 
nerves  bearing  sensations  of  pain,  temperature,  muscular  effort — 
all  kinds  of  sensation  which  the  brain  can  receive.  These  nervea 
are  the  sole  sources  of  knowledge  to  any  animal  organism. 
Whatever  idea  its  brain  may  contain  must  be  built  up  through 
these  nerve  impressions.  The  aggregate  of  these  impressions 
constitutes  the  world  as  the  organism  knows  it.  All  sensation 
is  related  to  action.  If  an  organism  is  not  to  act,  it  cannot 
feel,  and  the  intensity  of  its  feeling  is  related  to  its  power  to  act. 

These  impressions  brought  to  the  brain  by  the  sensory 
nerves  represent  in  some  degree  the  facia  in  the  animal's  en- 
vironment. They  teach  something  as  to  its  food  or  its  safety. 
The  power  of  locomotion  is  characteristic  of  animals.  If  they 
move,  their  actions  must  depend  on  the  indications  carried  to 
the  nerve  center  from  the  outside;  if  they  feed  on  living  organ- 
isms, they  must  seek  their  food ;  if,  as  in  many  cases,  other 
living  organisms  prey  on  theoi,  they  must  In-slir  themselves 
to  escape.  The  impulse  of  hmiger  on  the  one  hand  and  of  fear 
on  the  other  are  rlenirntal.  The  senHorium  rcceivc-s  an  im- 
pression that  focKl  exists  in  a  certain  direclinn.  At  once  an 
impulse  to  motion  in  sent  out  from  it  to  the  muscle  neci-s-sary 
to  move  the  body  in  that  direction.     In  the  higher  animals 
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L  nta  HTv  usually  more  rapkl  arut  ntnrc  rxart  thn 

ijie  lower  forms.     Tliia  is  I>miius(>  the  organs  of  snat 

action,  the  sensr  cells,  nerve  filx-rs,  aiKl    mufw)(<st  bit  «1 

y  speciaiizefi.     In  the  starlwli  acnsalion  is  Klighi.  niimia 

mimical  ion  alow,  and  the  muficular  rcsportse  slii^Ki"!).  b« 

ihe    method    is    ap|uirmtl,v  Xbt 

samt. 

But   in    rpflent    ^-r&nt    main 

biologists  have  come  ta  Iw^n 

that  much   of   ttx*    hchavinr  of 

the  mtnI)l(^i>t  itnintalii,  and  snnr 

of    Iho   actions    of    the    hii^xv. 

HTi^  c^ntnillMi  in  a  maw  npdijt 

mochanicsl  way  than  the  ahn«c 

titatemr-nt«  flUKRCHt:    that,   in  » 

word,  much  of   the  action,  aad 

apparent    infltinctivc   or    int«16- 

gent  rR<p(in9<<  of  nnimalA  l»  «•• 

tornal  cnnditionti.  in  an  irtimriti- 

Htc  physieochemieoJ  rather  thu 

vital    phenomenon ;    that    the 

animal  body  in   ita   rrlation  tn 

the    external    world      Ls     muA 

more   like  a   passive,   sensele^a. 

">    although     very     complex,     m»- 

^,     chine,  stimulated  and  oonlrolM 

It     by    external    factors    an<l    ron- 

"     ditiona,  than  like  the  percipient. 

".     determining,  purposeful  creature 

s")   that  our  usual  conception  of  the 

organism  mckes  it  out  to  be. 
s  I,ocb,  Lucas,  Rrdl,  Bethe.  lexkull. 
and  numerous  others.  l>eiicvc  themselves  justified  in  cvplainint 
a  host  of  the  simpler  aitions  or  modes  of  behavior  of  animab. 
on  a  thoroughly  mechanical  luutis,  aa  rigorous,  inevitable 
reactions  to  Ihe  influence  or  stimulus  of  light,  heat,  contari. 
Rravily,  Kiilvnnisni.  etc.  Photolrnpism,  stereotropism,  gc^v 
tropisni.  etc.  are  the  names  given  to  thtfe  phenomena  <if  re- 
fijxiiw  by  jiciiiin  and  In'havior  lo stimuli  of  light,  contact,  ami 
gravity  reNiJOctively. 

yoinc  of  these  biologists  arc  ready  to  carry  their  giving  up 
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of  other  than  mechanical  behavior  among  animals  to  great 
lengths.  Ixyeh  introduces  a  paper  written  in  1890  on  instinct 
and  will  in  animals  as  follows: 

"  In  the  biological  literature  one  still  finds  authors  who  treat  the 
'  instinct '  or  the  *  will '  of  animals  as  a  circumstance  which  determines 
motions,  so  that  the  scientist  who  enters  the  region  of  animated  nature 
encounters  an  entirely  new  category  of  causes,  such  as  are  said  contin- 
ually to  produce  before  our  eyes  great  effects,  without  it  being  possible 
for  an  engineer  ever  to  make  use  of  these  causes  in  the  physical  world. 
*  Instinct'  and '  will'  in  animals,  as  causes  which  determine  movements, 
stand  upon  the  same  plane  as  the  supernatural  powers  of  theologians, 
which  are  also  said  to  determine  motions,  but  upon  which  an  engineer 
could  not  well  rely. 

''My  investigations  on  the  heliotropism  of  animals  led  me  to 
analyze  in  a  few'  cases  the  conditions  which  determine  the  apparently 
accidental  direction  of  animal  movements  which,  according  to  tradi- 
tional notions,  are  called  voluntary  or  instinctive.  Wherever  I  have 
thus  far  investigated  the  cause  of  such  'voluntary'  or  'instinctive' 
movements  in  animals,  I  have  without  exception  discovered  such 
circumstances  at  work  as  are  known  in  inanimate  nature  as  determi- 
nate movements.  By  the  help  of  these  causes  it  is  possible  to  control 
the  'voluntary'  movements  of  a  living  animal  just  as  securely  and 
unequivocally  as  the  engineer  has  been  able  to  control  the  movements 
in  inanimate  nature.  What  has  been  taken  for  the  effect  of  'will'  or 
'instinct'  is  in  reality  the  efifect  of  light,  of  gravity,  of  friction,  of 
chemical  forces,  etc." 

But  Jennings,  a  very  careful  and  industrious  student  of  the 
behavior  of  the  protozoa,  whose  studies  have  been  perhaps  more 
detailed  and  prolonged  than  those  of  any  other  investigator  of 
the  same  subject,  closes  a  fascinating  volume  on  his  work  with 
the  following  paragraph : 

"The  present  paper  may  be  considered  as  the  summing  up  of  the 
general  results  of  several  years'  work  by  the  author  on  the  behavior  of 
the  lowest  organisms.  This  work  has  shown  that  in  these  creatures  the 
behavior  is  not  as  a  rule  on  the  tropism  plan — a  set,  forced  mctho<l  of 
reacting  to  each  particular  agent — ^but  takes  place  in  a  much  more 
flexible,  less  directly  machinelike  way,  by  the  method  of  trial  and 
error.    This  method  involves  many  of  the  fundamental   qualities 
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vludi  we  find  in  the  behavior  (rf  hig^  uumala,  yet  with  the  ■ 
poenble  baas  in  ways  of  action ;  a  great  portion  of  the  behavior  «»- 
asting  of  t«n  of  but  one  or  two  definite  movementa,  movemcDta  that  ue 
stereotyped  in  thar  relation  to  the  environinenL  Thia  method  leadi 
upward,  offering  at  every  ptunt  (q>portunity  for  development,  and 
ahovring  even  in  the  uniceltular  organiams  what  must  be  coandeied  the 
beginnings  ot  intelfigence  and  of  maoy 
other  qualities  found  in  hi^ior  aninuk 
Tropic  action  doubtless  orcur«,  but  the 
main  baas  of  behavior  ia  in  these  or- 
ganistus  the  method  of  trial  and  cnw.'' 


<i  (lie  light  line.     (Afiw 


Different  one-celled  animala  show 
differences  in  method  or  degree  d 
response  to  external  inftuenrc9. 
Most  protozoa  will  discard  pains 
of  sand,  crystals  of  acid,  or  other 
indigestible  objects.  Such  iioculi- 
artties  of  different  forms  of  hit- 
conatitute  the  tiasis  of  instinct. 
Instinct  is  automatic  ol»edi<iiiv 
1  the  demands  of  external  <-on.ii- 
tions.  As  these  conditions  vari 
with  each  kind  of  animal,  so  nv^'. 
the  (lonmnd  vary,  and  from  this  arises  the  Krpat  variety  artu- 
ally  soon  in  the  in.stinrts  of  different  animals.  .\s  the  li-- 
mands  of  hfc  iK-come  complex,  so  may  the  instincts  iK'come  S'. 
The  ttTdtcT  Ihc  stress  of  environnii-nt ,  the  more  |>»Tfe<n  ti- 
automiktiKiii,  for  impulses  to  safe  action  are  nocessarily  a<lf<|ua:c 
to  the  duly  lliey  have  to  ixTform.  If  the  instinct  were  ina-ji- 
qmite,  the  siieciew  would  have  become  extinct.  The  fa<t  tiat 
its  iiKiividiiiiLs  jx'rsist  shiiws  that  they  are  provided  with  t!'' 
instincts  necessary  to  that  euii.  Instinct  differs  front  otl;'.' 
allied  fnrnw  of  ri's|Kinsc  to  external  conditions  in  being  heredity.': 
and  continuous  froiu  nciuTiitinn  to  fretieration,  and  in  W::.t 
common  to  the  sjK-cies  niui  not  el laract eristic  of  the  indivi.ju.ii. 
Tliis  sudiciiiLlly  ihstiiijitiislii-sit  from  reaiwn,  but  the  liin'  N^ 
tv.ccii  iTisiinit  .itkI  ttji^oii  iiiid  viirioas  foniLs  of  reflex  »i-t;<  t: 
cannot  he  sluirply  dniwii. 

Some  wiilers   rcfraiii    iiisiiiicis  !W  "inheritwl  habit."  «!■;> 
others,  with  apparent  justice,  doubt  if  incrc  habits  or  vuIudiat} 
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Brtionfl  repeated  till  they  become  a  "second  nature"  ever  leave 
a  trace  upon  heredity.  Such  investigators  regard  instinct  as 
the  natural  survival  of  those  methods  of  automatic  response 
which  were  most  useful  to  the  hfe  of  the  animal,  the  individuals 
having  loss  effective  methods  of  reflex  action  having  irerished, 
leaving  no  posterity. 

An  example  in  point  would  be  the  homing  instinct  of  the 
fur  seal.     When  the  arctic  winter  descends  on  its  home  in  the 

l*ril>ilof  Islands  in  Ber-  

ing  Sea,  these  animals 
take  to  the  open  ocean, 
many  of  them  swim- 
ming southward  as  far 
as  the  Santa  Barbara 
Islands  in  CaUfomia, 
more  than  three  thou- 
sand miles  from  home. 
While  on  the  long 
Bwim  they  never  go 
on  shore;  but  in  the 
spring  they  return  to 
the  niirthward,  find- 
ing the  httle  islands 
hidden  in  the  arclic 
fogs,  often  landing  on 
the    very    spot    from 

which  they  were  driven  by  the  ice  six  months  before,  and 
their  arrival  timed  from  year  to  year  almost  to  the  same 
day.  The  perfection  of  this  homing  instinct  is  vital  to  their 
life.  If  defective  in  any  individual,  he  would  be  lost  to  the 
herd  and  would  leave  no  descendants.  Those  who  return  be- 
come parents  of  the  herd.  As  to  the  others  the  rough  sea 
tells  no  tales.  We  know  that  of  those  that  set  forth  a  large 
percentage  never  come  back.  To  those  that  return  the  homing 
instinct  has  proved  ade<|ii!ite.  This  must  Iw  so  long  a.s  the  race 
exists.  Tlic  failure  of  instinct  would  mean  the  extinction  of 
the  s[>ecies. 

The  instincts  of  animals  may  be  roughly  classified  as  to  their 
relation  to  ihe  individual  into  egoistic  and  altruistic  instincts. 

Egoistic  instincts  arc  thase  which  concern  chiefly  the  in- 
dividual animal  itself.     To  this  class  belong  the  instincts  of 
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feeding,  thoee  of  aclf-defenae  and  of  strife,  the  inatincts  of  pla] 
the  olimatic  itutincts,  and  environmental  instincu,  those  whic 
direct  the  animal'ti  mode  ol  life. 

Altniiatic  instincts  are  thoee  wliidi  rdate  to  parenthoo 
and  thoee  iriiich  are  eoncene 
with  the  nwBB  of  individuals  i 
the  same  species.  Ilie  lattt 
may  be  called  the  social  instincti 
In  the  former  class,  with  the  ii 
stincta  of  parenthood,  may  be  ii 
eluded  the  instincts  of  courtshi) 
reproduction,  home-making,  nesi 
biding,  and  care  for  the  young. 
The  instincts  of  feeding  ax 
primitively  simple,  growing  oon 
plex  through  complex  condition 
The  prototoan  absorbs  soialk 
creatures  which  contaifi  nubi 
ment.  The  sea  anemone  close 
its  tentacles  over  its  prey.  Th 
barnacle  waves  ite  feet  to  brin 
edible  creatures  within  its  moutl 
The  fish  seizes  its  prey  by  dire* 
motion.  The  higher  vertebrate 
in  general  do  the  same,  but  th 
conditions  of  life  modify  thi 
simple  action  to  a  very  grea 
degree. 

In  general,  animals  decide  b; 
reflex  actions  what  is  suitabi 
food,  and  by  the  same  processe 
they  reject  poisons  or  unsuitab) 
substances.  The  dog  rejects  ai 
apple,  while  the  horse  rejects  i 
piece  of  meat.  Either  will  tun 
away  from  the  offered  stone.  Al 
most  all  animals  reject  poison 
instantly.  Those  that  fail  in  this  regard  in  a  state  of  natur 
die  and  leave  no  descendants.  The  wild  vetches  or  "loco 
weeds  "  of  the  arid  regions  affect  the  nerve  centers  of  animal 
and  cause  dizziness  or  death.     The  native  ponies  reject  thee 
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instinctively.  This  may  be  because  all  ponies  which  have  not 
this  reflex  dislike  have  been  destroyed.  The  imported  horse 
has  no  such  instinct  and  is  poisoned.  Very  few  animals  will 
eat  any  poisonous  object  with  which  their  instincts  are  familiar, 
unless  it  be  concealed  from  smell  and  taste. 

In  some  cases,  very  elaborate  instincts  arise  in  connection 
with  feeding  habits.  In  the  case  of  the  California  woodpeckers 
(Melanerpes  lormicivorus  bairdii)  a  large  number  together  select 
a  live-oak  tree  for  their  operations.  They  first  bore  its  bark 
full  of  holes,  each  large  enough  to  hold  an  acorn.  Then  into 
each  hole  an  acorn  is  thrust  (Figs.  267  r.nd  268).  Only  one  tree 
in  several  square  miles  may  be  selected,  and  when  their  work  is 
finished  all  those  interested  go  about  their  business  elsewhere. 
At  irregular  intervals  a  dozen  or  so  come  back  with  much 
clamorous  discussion  to  look  at  the  tree.  When  the  right  time 
comes,  they  all  return,  open  the  acorns  one  by  one,  devouring 
apparently  the  substance  of  the  nut,  and  probably  also  the 
grubs  of  beetles  which  have  developed  within.  When  the  nuts 
are  ripe,  again  they  return  to  the  same  tree  and  the  same 
process  is  repeated.  In  the  tree  figured  this  has  been  noticed 
each  year  since  1891. 

The  instinct  of  self-defense  is  even  more  varied  in  its  mani- 
festations. It  may  show  itself  either  in  the  impulse  to  make 
war  on  an  intruder  or  in  an  impulse  to  flee  from  its  enemies. 
Among  the  flesh-eating  mammals  and  birds  fierceness  of  de- 
meanor serves  both  for  the  securing  of  food  and  for  protection 
against  enemies.  The  stealthy  movements  of  the  lion,  the 
skulking  habits  of  the  wolf,  the  sly  selfishness  of  the  fox,  the 
blundering  good-natured  power  of  the  bear,  the  greediness  of 
the  hyena,  are  all  proverbial,  and  similar  traits  in  the  eagle, 
owl,  hawk,  and  vulture  are  scarcely  less  matters  of  conunon 
observation. 

Herbivorous  animals,  as  a  rule,  make  little  direct  resistance 
to  their  enemies,  depending  rather  on  swiftness  of  foot,  or  in 
some  cases  on  simple  insignificance.  To  the  latter  cause  the 
abundance  of  mice  and  mouselike  rodents  may  be  attributed, 
for  all  are  the  prey  of  the  carnivorous  beasts  and  birds,  and 
of  snakes. 

Even  young  animals  of  any  species  show  great  fear  of  their 
hereditary  enemies.  The  nestlings  in  a  nest  of  the  American 
bittern  when  one  week  old  showed  no  fear  of  man,  but  when 
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two  weeks  old  ihU  fear  was  very  ittanifeBt.     Young  moddag 
birds  will  i;o  into  spasms  at  the  si^ht  of  nn  uwl  or  m  cmt, 

•'■■■■■  I"'l"  ■■ ■'■■<-  -nr:  ■]■■,-;..'■.•  ' \]n^\.;.,-.  .1.,,  |i.« 


tipver  wn  a  aiiake  hIi»w  altmwt  hysleriritl  fear  at  fint  siytil  ^ 
one.  anil  ttir  same  kind  of  ferlinf;  in  rommnti  In  mnst  nmL 
monkey  was  allowed  to  open  a  paper  bag  which  eootaiixd  • 
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livp  Bnake.  Ho  wns  stnggertxl  by  Ihf  sight,  but  after  a  while 
he  went  hack  and  looked  agnin,  to  rciH-ut  the  cxixTii'iicf.  V^cii 
wild  »riiiml  hiw  its  diK-nul  itiKtinct  uf  it^islaucp  nr  mrtiidd  of 
kiH'jnrig  off  its  cnrinii'M,  Ttic  Rtiiiii|>iiiK  "f  n  shirp,  I  In'  kicking 
of  a  horw,  iho  ninniiijt  in  a  circle  of  a  hare,  and  thr  skulking 
in  a  circle  of  some  fi'M-,  :irc  cMunijIi's  of  iJiis  wnrt  of  inslinft. 


The  piaij  iiutliixt  ts  devcliiix-d  in  numerous  animals.  To 
this  class  belong  the  WTcstlings  und  mimic  figliU  uf  yoimg 
dogs,  bear  cubs,  seal  pii|)8,  and  young  boasts  gDneraily.  Cats 
and  kittens  play  with  mice.  Squirrels  play  in  the  trees.  Per- 
haps it  is  the  play  impulse  that  Iciida  the  shrike  or  butcher  bird 
to  impale  small  birds  and  be«>tles  on  the  thorns  about  its  nest, 
a  ghastly  kind  of  ornament  that  si-cms  to  eonfw  sntisfaction 
on  the  bird  itself,  llie  talking  of  the  parrots  and  their  imita- 
tions of  the  sounds  they  hear  seem  to  lie  of  the  nature  of  play. 
The  greater  their  Hui>erfluous  energy  the  more  they  will  talk. 
Much  of  the  singing  of  birds,  and  the  crying,  calling,  and  howling 


aes.  tira  «eeki  old,  at  which  Mb  Ibey  (hand  inaikvd  frs 
by  B.  N.  Tibof.  MaridLui,  K.  Y.,  Jung  S.  >HM. 
publutwn  of  "  Bird  Lara.") 


tbe  seasoiLs.  Wh^n  the  winter  comes  the  fur  m»I  lal 
long  srKJm  to  the  southward;  the  wild  gevse  nuigie  iWtm 
in  wedge-shaped  flocks  and  fly  higli  and  far,  calling  hm 
thoy  go;  the  bobolinks  strangle  away  one  nt  k  time, 
moetly  in  the  night,  iind  most  of  the  sma]l{.'r  htnli  ii 
rountrieg  move  away  toward  the  tropics.  AU  ilieee  tnovr 
spring  frniii  the  mito'ntnry  ituilinrt.  Another  dimjitir  it 
leads  the  bear  to  liide  in  a  citvc  or  hoUuw  tree,  wbetv  be 
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•r  liilx'nmtm  till  Hiring.     In  some  rases  the  clunatic  instinct 
iiiTK«s  in  llic  homing  inr^liiict  ami  the  inntinitt  of  reprwliirlion. 

AIm'ji    iIk-  l>inis   inovc   north   iti    (In-  spriug   tliey  sirijr.   male-, 


i  build  their  nwrts.  The  fur  sea!  goes  home  to  rear  its  young. 
)  Iwar  exehaiiRos  its  bed  for  its  lair,  ftnd  it»  first  busincas 
r  waking  is  to  urnke  ready  to  rear  iw  young. 
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Environmental  inatinctt  concern  the  eresture's  mode  of  lii>. 
Such  are  the  burrowing  instincts  of  certain  rodentti.  the  vood- 
chucks,  gophers,  and  the  like.  To  enumerate  the  chief  phuta 
of  such  instincts  would  be  difficult,  for  as  all  the  «"■!»*■*■  ut 
related  to  their  environment,  this  relation  must  show  itaalf  in 
characteristic  instincts. 

Tlie  inatincU  of  courtship  relate  chiefly  to  the  niale,  the  femak 
being  more  or  less  pasaive.  Among  the  birds  the  male  in  spting 
is  in  ver>'  many  spmict 
provided  with  an 
ornamental  plunuv 
which  he  sheds  v-bn 
the  breeding  aeaaaa 
is  over.  The  scarlcf, 
erimaon,  orange,  bhii. 
black,  and  luatroa 
colors  of  birds  in 
rommonly  seen  ocIt 
on  the  males  in  th« 
breeding  season,  thf 
young  males  aoJ 
the  old  males  in  ibe 
fall  having  the  [Jain 
brown  gray  or  streakr 
colors  of  the  ftmair. 
Among  the  ::<in^.!:; 
birds  it  is  chiefly  thf 
male  that  singx.  aa: 
his  voice  and  the  in- 
stinct to  use  it  air 
commonly  Ic-t  :z 
prcjit  (lri;n  r  wlicii  the  voimR  are  liatche<l  in  the  nt-st.  An;o:.i 
iiTtiiin  li,-l)is  till'  males  an-  cwiHwially  brilliantly  colored  in  tt.'- 
liriTiliiij;  liinr.  Inii  tlii'ic  is  little  eviiienw!  of  any  periK>nal  »:- 
li-iiijits  lo  iii.-.|ilay  tliisc  ciiloni  before  the  females. 

Aimiiiu  [icilvKiiTiioiis  iii:initn:ils  tlic  male  is  usually  miif- 
larKcr  than  llic  rcinale,  ami  Ills  ecmrtship  is  often  a  struffif 
willi  (Jiliir  males  fnr  tlii'  i ><>sscssion  of  the  female.  Amou 
tlic  lii'ir  tin-  iri:ilf,  anncl  wiili  croat  horna,  fight  to  the  lifai: 
fur  Hir  pi)ss.-s.-.i.iii  of  ilii-  fcTiialc  ur  fur  the  ma8ter>-  of  the  heri 
Tlie  fur  nvtii  Itan  <iii  »ti  average  a  family  of  ^>out  thinv-iso 
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females,  and  for  the  control  of  his'  harem  others  are  ready  at  all 
times  to  dispute  the  possession.  But  with  monogamous  animals 
like  the  true  or  hair  seal  or  fox,  where  a  male  mates  with  a  single 
female,  there  is  no  such  discrepancy  in  size  and  strength,  and 
the  warlike  force  of  the  male  is  spent  on  outside  enemies,  not 
on  his  own  species. 

The  movements  of  many  migratory  animals  are  mainly  con- 
trolled by  the  impulse  to  reproduce.  Some  jHjlagic  fishes,  es- 
pecially flying  fishes  and  fishes  allied  to  the  mackerel,  swim 
long  distances  to  a  region  favorable  for  a  di8])08ition  of  spawn. 
Some  species  are  known  only  in  the  waters  they  make  their 
breeding  homes,  the  individuals  being  scattered  through  the 
wide  seas  at  other  times.  Many  fresh-water  fishes,  as  trout, 
suckers,  etc.,  forsake  the  large  streams  in  the  spring,  ascending 
the  small  brooks  where  they  can  rear  their  young  in  greater 
safety.  Still  others,  known  as  anadromous  fishes,  feed  and 
mature  in  the  sea,  but  ascend  the  rivers  as  the  impulse  of  re- 
production grows  strong.  Among  such  s{)ecies  are  the  salmon, 
shad,  alewife,  sturgeon,  and  strijjed  bass  in  American  waters. 
The  most  noteworthy  case  of  the  anadromous  instinct  is  found 
in  the  king  salmon  or  quinnat  of  the  Pacific  coast.  This  great 
fish  spawns  in  November.  In  the  Columbia  River  it  begins 
running  in  March  and  April,  spending  the  whole  sunfmer  in 
the  ascent  of  the  river  without  feeiling.  Hy  autumn  the  in- 
dividuals are  greatly  changed  in  apj>earan(*e.  (iiscolorocl,  worn, 
and  distorted.  On  reaching  the  spawning  ImmIs,  some  of  them 
a  thousand  miles  from  the  sea,  the  female  d(»p<)sit.s  her  eggs  in 
the  gravel  of  some  shallow  brook.  After  th(»v  are  fertiliz(»d 
both  male  and  female  drift  tail  foremost  and  h(»lpless  down  the 
stream,  none  of  them  ever  surviving  to  reach  the  sea.  The  same 
habits  are  found  in  other  species  of  salmon  of  tlio  Pacific,  hut 
in  most  cases  the  individuals  of  other  species  do  not  start  so 
early  or  run  so  far.  A  few  species  of  fishes,  as  the  eel,  reverse 
this  order,  feeding  in  the  rivers  and  brackish  creeks,  dropping 
down  to  the  sea  to  spawn. 

The  migration  of  birds  has  relation  to  reproduction  as  well 
as  to  changes  of  weather.  As  soon  as  they  reach  tlu'lr  suninier 
homes,  courtship,  mating,  m\st -building,  and  tin*  care  of  the 
young  occupy  the  attention  of  every  sfM^'ics. 

In  the  animal  kingdom  one  of  the  great  factors  in  develop- 
ment has  been  the  care  of  the  ijouwj.     This  feature  is  a  prominent 
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one  io  tliG  epecialization  of  birds  and  maiiimala.  When  the 
Vdiitif;  HIV  ciWT<l  for  the  perfontaKP  of  lo>w  in  Iho  struggle  ior 
lift-  Hi  Kn-atly  rwliiwd,  Uu-  iiuiiilK-r  of  i)iillis  ueccwsur.v  to  llm 


nmtntfnani'o  of  tlic  opi^ics  is  much  lent,  and  the  opportunitira 
for  uppciaHzalinn  in  other  rplalioria  uf  life  are  much  Rrcjiter. 
In  thcM'^  n-pinlH.  tlie  noHt-liuUdini;  and  homc-nrnking  animals 
liave  I  lie  mlvantago  uvt-r  thiwc  that  have  not  these  instincts. 


KVlH.lTltiX    AXn  ANIXUL    UFK 


The  aiiiinala  that  male  for  life  have  tlic  ailvtuitse<?  over  poljj 
aiauus  unirnub,  and  those  whttac  eocial  or  mating  Imliitj  £ 


riM>  to  a  diviHion  of  labor  over  those  with  Instinrta  \rm  hi|j 
sppfialijicd. 

When  we  ntiidy  iiulinrts  of  Hiiitnnli*  with  rart>  and  in  d 
we  find  that  their  regularity  is  much  Ipm  than  han  1 
|MMed.     There  b  m  much  van'alion  in  regard  to  inatinci  ■ 
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individuals  as  there  is  with  regard  to  other  characters  of  the 
species.  Some  power  of  choice  is  found  in  almost  every  opera- 
tion of  instinct.  Even  the  most  machinelike  instinct  shows 
some  degree  of  adaptability  to  new  conditiona.  On  the  other 
hand,  in  no  animal  does  reason  show  entire  freedom  from 
automatism  or  reflex  action.  "The  fundamental  identity  of 
instinct  with  intelhgence,"  says  an  able  investigator,  "is  shown 
in  their  dependence  upon  the  same  structural  mechanism  (the 
brain  and  nerves),  and  in  their  responsive  adaptability." 


r  intellect,  as  distinguUlictl  from  instinct,  is  the 
choice,  more  or  less  conscious,  among  resjjonsos  to  external 
impressions.  Its  basis,  like  that  of  instinct,  is  in  roflex  action. 
Its  operations,  often  repeated,  become  similarly  rcfiox  by 
repetition,  and  are  known  as  habit.  A  habit  is  a  voluntary 
action  repeated  until  it  becomes  reflex.  It  is  essentially  like 
instinct  in  all  its  manifestations.  Tlie  only  evident  difference 
is  in  its  origin.  Instinct  is  inherited.  H;ihit  is  the  reaction 
produced  within  the  individual  by  its  own  ropoatnl  actions. 
In  the  varied  relations  of  life  the  imrr  rr11c\  action  iMvonics 
inadequate.  The  acnsorinni  is  otTcrcd  a  rhnicf  nf  ic«|M)nsi's. 
To  choose  one  and  to  rcjci-l  tlii'  otlicrs  is  ilic  function  (if  intellect 
or  reason.  While  its  excessive  dcvdopTncnl  in  man  obscures  its 
close  relation  to  instinct,  both  shade  off  by  degrees  into  reflex 
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action.  Indeed,  no  sharp  line  can  be  drawn  between  unmr.- 
Bcious  and  aubconstaoua  choice  of  reaction  and  ordinary  in- 
tellectual processes. 

Moet  animaU  have  bttle  self-conadoiuneos,  and  their  reuoD- 
ing  powers  at  best  are  of  a  low  order;  but  in  kind,  at  least,  ibr 
powers  are  not  different  from  reason  in  man.  A  horae  reachr> 
over  the  fenn>  to  l» 
company  to  another. 
Tliisisinsltnrt.  Whm 
it  lets  doM'n  the  b&rf 
with  its  teeth,  that 
is  reason.  When  a 
dog  finds  its  «ay 
home  at  night  by  tht- 
sense  of  smell.  thL- 
may  be  instinct :  »hfn 
he  drags  a  slranfccr  >•• 
hia  woundc«l  niajstpr 
thut  is  rcas<m.  Wl;.r. 
11  jack  ratthir  |.-;i;- 
ovcr  a  bush  tnc5r:.> 
a  dog.  or  niii:'  in  . 
circle  lx>fore  a  iii\.>*. 
or  when  it  lii-s  Hat  ■ 
the  pra.-«  as  a  nuiri: 
ball  of  gray.  imJi-riT- 
gtiixhablp  frtuii  ):r:i.— 
thi.s  i:^  instinct.  |(  :* 
not.  the   same    auinial     - 

callable  iif  n-:iMiti 
lliiit  i^.  of  a  ilisihirt  i-linicr  among  lines  of  action.  \<it  l<>ij 
ago  a  nihbil  c:iiiio  Imiinilinp;  acnjits  the  imivcniity  i-anipiii  :i' 
I'alo  ,\ltii.  As  it  ]>jis.ic(l  a  cnrncr  it  Biidilenly  faced  twn  l,iin!i; ;; 
dcitis  running  side  l>y  .-iiilc  toward  it.  It  had  the  choice  iti  t  uniiiii 
baik,  iis  lirst  iiistinet,  Init  a  dangerou.s  one; of  leaping  ll^^■r  !!>■ 
diig.i,  iirof  lying  Hat  on  t  lie  ground.  It  clu)s«'  none  of  tlie^e.  ;iTii 
ils  einiii-e  wan  inslanlaneous.  It  ceased  li"a|>ing.  ran  lim.  :i!: ; 
went  lielweeii  (lie  docs  jnst  an  they  were  in  the  act  of  s4-i/ini:  ■ 
and  ihe  surprise  of  the  dogs.  s\n  they  sttip|N<<l  ami  tri»il  tii  hurri 
annind,  w:is  the  same  fM-ling  that  a  man  would  have  in  tik- 
cireunistan<-cs. 
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On  the  open  plains  of  Merced  County,  Cal.,  the  jack  rabbit 
is  the  prey  of  the  bald  eagle.  Not  long  since  a  rabbit  pursued 
by  an  eagle  was  seen  to  run  among  the  cattle.  Leaping  from 
cow  to  cow,  he  used  these  animals  as  a  shelter  from  the  savage 
bird.  When  the  pursuit  was  closer,  the  rabbit  broke  cover 
for  a  barbed-wire  fence.  When  the  eagle  swooped  down  on  it, 
the  rabbit  moved  a  few  inches  to  the  right,  and  the  eagle  could 
not  reach  him  through  the  fence.  When  the  eagle  came  down 
on  the  other  side,  he  moved  across  to  the  first.  And  this  was 
continued  until  the  eagle  gave  up  the  chase.  It  is  instinct 
that  leads  the  eagle  to  swoop  on  the  rabbit.  It  is  instinct  again 
for  the  rabbit  to  run  away.  But  to  run  along  the  line  of  a 
barbed-wire  fence  demands  some  degree  of  reason.  If  the  need 
to  repeat  it  arose  often  in  the  lifetime  of  a  single  rabbit  it  would 
become  a  habit. 

The  difference  between  intellect  and  instinct  in  lower  animals 
may  l>e  illustrated  by  the  conduct  of  certain  monkeys  brought 
into  relation  with  new  experiences.  At  one  time  we  had  two 
adult  monkeys,  "Bob"  and  "Jocko,"  belonging  to  the  genus 
Macaciis.  Neither  of  these  possessed  the  egg-eating  instinct. 
At  the  same  time  we  had  a  baby  monkey,  "  Mono,"  of  the  genus 
CercopUheciis,  Mono  had  never  seen  an  egg,  but  his  inherited 
impulses  bore  a  direct  relation  to  feeding  on  eggs,  just  as  the 
heredity  of  Macacus  taught  the  others  how  to  crack  nuts  or 
to  peel  fruit. 

To  each  of  these  monkeys  we  gave  an  egg,  the  first  that  any 
of  them  had  ever  seen.  The  baby  monkoy,  Mono,  being  of  an 
egg-eating  race,  devoured  his  egg  by  the  operation  of  instinct 
or  inherited  habit.  On  being  given  the  Qgg  for  the  first  time, 
he  cracked  it  with  his  upper  teeth,  making  a  hole  in  it ,  and  sucked 
out  all  the  substance.  Then  holding  the  eggshell  up  to  the 
light  and  seeing  that  there  was  no  longer  anytliing  in  it,  he 
threw  it  away.  All  this  he  did  mechanically,  automatically, 
and  it  was  just  as  well  done  with  the  first  egg  he  ever  saw  as 
with  any  other  he  ate.  All  eggs  since  offered  him  he  has  treated 
in  the  same  wav. 

The  monkey  Bob  took  the  egg  for  some  kind  of  nut.  He 
broke  it  against  his  upi)er  teeth  and  tricvl  to  |)ull  off  the  shell, 
when  the  inside  ran  out  and  fell  on  the  ground.  He  looked  at  it 
for  a  moment  in  bewilderment,  took  lK)th  hands  and  scoojkhI  up 
the  volk  and  the  sand  with  which  it  was  UMxed  and  swallowed 
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the  whole.  Then  he  stuffed  the  shell  itself  into  his  mouth. 
This  act  was  not  instinctive.  It  was  the  work  of  pure  reason. 
I'A'idently  his  race  was  not  familiar  with  the  use  of  eggs  and  had 
acquired  no  instincts  regarding  them.  He  would  do  it  better 
next  time.  Reason  is  an  inefficient  agent  at  first,  a  weak  tool; 
but  when  it  is  trained  it  becomes  an  agent  more  valuable  and 
more  powerful  than  any  instinct. 

The  monkey  Jocko  tried  to  eat  the  egg  offered  him  in  much 
the  same  way  that  Bob  did,  but  not  liking  the  taste  he  threw 
it  away. 

The  confusion  of  highly  perfected  instinct  with  intellect  is 
very  common  in  popular  discussions.  Instinct  grows  weak 
and  less  accurate  in  its  automatic  ol>edience  as  the  intellect 
becomes  available  in  its  place.  Intellect  and  instinct  as  well  as 
all  other  nervous  processes  are  outgrowths  from  the  simple 
reflex  response  to  external  conditions.  But  instinct  insures  a 
single  definite  response  to  the  corresponding  stimulus.  The 
intellect  has  a  choice  of  responses.  In  its  lower  stages  it  is 
vacillating  and  ineffective;  but  as  its  development  goes  on  it 
becomes  alert  and  adequate  to  the  varied  conditions  of  life. 
It  grows  with  the  need  for  improvement.  It  will  therefore 
become  impossible  for  the  complexity  of  life  to  outgrow  the 
adequacy  of  man  to  adapt  himself  to  its  conditions. 

Many  animals  currently  believed  to  be  of  high  intelligence 
are  not  so.  The  fur  seal,  for  example,  finds  its  way  back  from 
the  long  swim  of  two  or  three  thousand  miles  through  a  foggy 
and  stormy  sea,  and  is  never  too  late  or  too  early  in  arrival. 
The  female  fur  seal  goes  two  hun(lre<l  miles  to  her  feeding 
grounds  in  summer,  leaving  the  pup  on  the  shore.  After  a 
week  or  two  she  returns  to  find  him  within  a  few  rods  of  the  rocks 
where  she  had  left  him.  Both  mother  and  young  know  each 
other  by  call  and  by  odor,  and  neither  is  ever  mistaken  though 
ten  thousand  other  ])ups  and  other  mothers  occupy  the  same 
rookery.  But  this  is  not  intelligence.  It  is  simply  instinct, 
because  it  has  no  element  of  choice  in  it.  Whatever  its  an- 
cestors were  forced  to  do  the  fur  seal  does  to  perfection.  Its 
instincts  are  perfect  as  clockwork,  and  the  necessities  of  mipcra- 
tion  must  keep  them  so.  Hut  if  brought  into  new  cimditions 
it  is  dazed  and  stu])i(l.  It  cannot  choose  when  different  lines 
of  action  are  presented. 

The  Bering  Sea  Commission  of   1S96  made  an  experiment 
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on  the  possibility  of  separating  the  young  male  fur  seab.  or 
'' killables/'  from  the  old  ones  in  the  same  band.  The  meth<»>i 
was  to  drive  them  through  a  wooden  chute  or  runway  with 
two  valvelike  doors  at  the  end.  These  animals  can  he  driven 
like  sheep,  but  to  sort  them  in  the  way  proposed  proved  im- 
possible. The  most  experienced  males  would  beat  their  noees 
agailist  a  closed  door,  if  they  had  seen  a  seal  before  them  pads 
through  it.  That  this  door  had  been  shut  and  another  open(*ii 
beside  it  passed  their  comprehension.  They  could  not  c*hiM>^ 
the  new  direction.  In  like  manner  a  male  fur  seal  will  watch 
the  killing  and  skinning  of  his  mates  with  perfect  comiMisurf. 
He  will  sniff  at  their  blood  with  languid  curiosity :  so  long  a»  i: 
is  not  his  own  it  does  not  matter.    That  his  own  hluoii  nuiv 

• 

flow  out  on  the  ground  in  a  minute  or  two  he  cannot  foresee. 

Reason  arises  from  the  necessity  for  a  choice  among  actioa<. 
It  may  arise  as  a  clash  among  instincts  which  forces  on  the  animal 
the  necessity  of  choosing.  A  doe,  for  example,  in  a  rich  pastun' 
has  the  instinct  to  food.  It  hears  the  hounds  ami  has  tl.»' 
instinct  to  floo.  Its  fawn  may  be  with  her  and  it  is  her  iikitinrt 
to  roiniiin  and  ])rotoct  it.  This  maybe  done  in  one  of  st^vrml 
ways.  In  pro]H)rtion  as  tlio  niotlior  chooses  wiat'ly  will  U'  ilif 
fawn's  chance  of  survival.  ThiLS  under  difficult  coiuiition^. 
rojison  or  choice  among  actions  rises  to  the  aid  of  the  l«iurr 
animals  as  well  as  man. 

Th(»  word  mind  is  iK)pularly  use<l  in  two  diflferont  scn^*^. 
In  the  biological  sense  mind  is  the  sum  total  of  all  jie^vrh.* 
cluin^(»s,  actions,  and  reactions.  Under  the  hem!  of  psycinf 
functions  are  includcMl  all  ojHTaticms  of  the  nervous  systri:; 
as  well  as  all  fund  ions  of  like  nature  which  may  exist  in  onruii- 
isins  without  s|)ecializ(»<l  nerve  fil>ors  or  nerve  cells.  As  x\r.> 
(M'uuhI  mind  would  inchich*  all  phenomena  of  irritability.  :i:ii 
even  plants  have  tlu*  rudiincMits  of  it.  The  o|)orations  f>f  vr 
mind  in  tliis  sense*  need  not  1h»  conscious.  With  the  jnut-r 
animals  almost  all  of  them  are  automatic  and  uneonsi'it>u« 
With  man  most  (»f  them  must  1h»  so.  All  functions  of  the  s*'r.- 
soriuni.  irritability,  reflex  action,  instinct,  rea«<m.  volitior.. 
are  alike  in  essential  nature*  though  differing  greatly  in  xhv:: 
decree  of  specialization. 

In  another  s(»nse  th«»  term  mind  is  appli(>d  only  to  «N»n- 
sciniw  reasoning  or  conscious  volititm.  In  this  smmisi^  it  i- 
iiriinly  an  attribute  of  man.  the  hiwer  animals  showing  it  ir. 
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but  slight  degree.  The  discussion  as  to  whether  lower  animals 
have  minds  turns  on  the  definition  of  mind,  and  our  answer  to 
it  depends  on  the  definition  we  adopt. 

Most  plants  are  sessile  organisms.  Each  is  an  organic  col- 
ony of  cells,  with  the  power  of  motion  in  parts  but  not  that  of 
locomotion.  The  plant  draws  its  nourishment  from  inorganic 
nature — from  air  and  water.  Its  life  is  not  conditioned  on  a 
search  for  food,  nor  on  the  movement  of  the  lx)dy  as  a  whole. 
Yet  the  plant  searches  for  food  by  a  movement  of  the  feed- 
ing parts.  In  the  process  of  growth,  as  Darwin  has  shown, 
the  tips  of  the  branches  and  roots  are  in  constant  motion.  This 
movement  is  a  spiral  squirm.  The  movement  of  the  tendrils 
of  the  growing  vine  is  only  an  exaggeration  of  the  same  action. 
The  course  of  the  squirming  rootlet  may  be  deflected  from  a 
regular  spiral  by  the  presence  of  water.  The  moving  branchlets 
will  turn  toward  the  sun.  The  region  of  sensation  in  the  plant 
and  the  point  of  growth  are  identical  because  this  is  the  only 
part  that  needs  to  move.  The  tender  tip  is  the  plant's  brain. 
If  locomotion  were  in  question  the  plant  would  need  to  be 
differently  constructed.  It  would  demand  the  mechanism  of 
the  animal.  The  nerve,  brain,  and  muscle  of  the  plant  are  all 
represented  by  the  tender  growing  cells  of  the  moving  tif)s. 
The  plant  is  touched  by  moisture  or  si  nlight.  It  may  be  said, 
in  somewhat  metaphorical  language,  that  it  "thinks"  of  them, 
and  in  so  doing  the  cells  that  are  touched  and  "think''  are 
turned  toward  the  source  of  the  stiniuJu.i.  The  function  of 
the  brain,  therefore,  in  some  sense  exists  in  the  tree,  but  there 
is  no  need  in  the  tree  for  a  specialized  sensorium. 

The  many-celled  animals  from  the  lowest  to  the  highest, 
be^r  in  their  organization  some  relation  to  locomotion.  The 
animal  feeds  on  living  creatures  and  these  it  must  f)ursue  if  it 
is  to  thrive.  It  is  not  the  sensitive  nerve  ti|)s  which  are  to 
move;  it  is  the  w^hole  creature.  By  the  division  of  lalK)r  the 
whole  body  of  the  compound  organism  cannot  be  given  over 
to  sensation.  Hence  the  development  of  sense  organs  dif- 
ferent in  character:  one  stimulated  by  waves  of  light,  another 
bv  waves  of  sound;  one  sensitive  to  oilor,  another  to  taste; 
still  others  to  contact,  temperature,  muscular  strain,  and  [)ain. 
These  sense  organs  must  through  their  nerve  fil)ers  re[)ort  to 
a  sensorium  which  is  distinct  from  each  of  them.  And  in 
the  process  of  specialization  the  sensorium    itself    is   subdi- 
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igher  and   lower  nprve  ccntors;   crnirrB  of  cob- 

I  und  automatic  tmiiiirtT  of  impulse  into  tuolioL 

indicates  the  real  nature  of  all  fornix  of  nrnv 

vre  processes  of  triiiiBftT  of  s<-ti.siitJun  into  mo««- 

ensorium  or  br&iti  has  no  knonledfic  pxrrpt  mdh 

it  from  the  sense  orgnna  through  the  ingaiag  or 

8.     It  has  no  power  to  act  save  by  ita  o>ntnil  of 

» through  the  oi""">'ng  or  motor  ncrvt-s.     The  mind 

wacher  save  the  seim^:  no  scrvantJS  savo  the  niUM'lt«. 

)  study  of  the  development  of  mind  in  aniiiials  and  nwa 

no  siip)>ort  to  the  medieval  idea  that  the  mind  exi*(«  w 

itity  ajtart  from  the  organ  through   which  it   openUs. 

'  Klavier  theory  "  of  the  mind,  that  the  ego  resides  in  tbe 

,  playing  upon  the  cells  as  a  musician  upon  tl«»  Hirings  of 

m,  finds  no  warrnnt  in  fact.     So  far  as  Ihe  eviiJenre  gocft, 

iniiw  of  im  t'gii,  exfrpt  thiit  whiih  siriws  from  iheiVMtnfituf 

uijss,"  the  product  of  cooperation.  It  stands  related  to  the 
action  of  individual  cells  much  as  the  content  of  a  poem  with 
the  words  or  letters  composing  it.  Its  existence  is  a  phenomenoo 
of  cooperation.  The  "I"  in  man  is  the  expression  of  the  co- 
working  of  the  processes  and  impulses  of  the  brain.  The  br&in 
is  made  of  individual  ceils,  just  as  England  is  made  of  individu&l 
men.  To  say  that  England  wills  a  certain  deed,  or  owns  a 
certain  territory,  or  thinks  a  certain  thought  is  no  more  a  figurr 
of  speech  than  to  say  that  "I  will,"  "I  own,"  or  "I  think." 
The  "England"  is  the  expression  of  union  of  the  indi\'idu&l 
wills  and  thoughts  and  ownerships  of  Englishmen.  Similarly, 
my  "ego"  is  the  aggregate  resulting  from  coordination  of  the 
elements  that  make  up  my  body. 

That  what  wc  really  know  of  human  personality  tell*  xht 
whole  story  of  il  no  one  should  maintain.  It  is  well,  however, 
not  to  ascriln;  to  it  entities  and  quahties  of  which  wc  know 
nothing. 


CHAPTER  XXI 
MAN'S  PLACE  IN   NATURE 

A  sacred  kinship  I  would  not  forego 

Binds  me  to  all  that  breathes:  through  endless  strife 

The  calm  and  deathless  dignity  of  life 

Unites  each  bleeding  victim  to  its  foe. 


I  am  the  child  of  earth  and  air  and  sea. 

My  lullaby  by  hoarse  Silurian  storms 

Was  chanted,  and  through  endless  changing  forms 

Of  tree  and  bird  and  beast  unceasingly 

The  toiling  ages  wrought  to  fashion  me. 

Lo!  these  large  ancestors  have  left  a  breath 
Of  their  great  souls  in  mine,  defying  death 
And  change.     I  grow  and  blossom  as  the  tree, 
And  ever  feel  deep-delving  earthy  roots 
Binding  me  daily  to  the  common  clay: 
Yet  with  its  airy  impulse  upward  shoots 
My  soul  into  the  reahns  of  light  and  day. 
And  thou,  ()  sea,  stern  mother  of  my  soul. 
Thy  temjwsts  ring  in  me,  thy  billows  roll! 

—  HjaLMAR   HjORTH   Bo'i'EREN. 

Man  betrays  his  relation  to  what  is  lK»h)w  him,  thick-skulled, 
small-brained,  fishy,  (luadrumaiious  (juadruped,  ill-disguised,  hardly 
escaped  into  biix?(l,  and  has  paid  for  the  new  powers  by  the  loss  of  some 
of  the  old  ones.  But  the  lightning  whicli  explodes  and  fashions  i)lanets, 
maker  of  planets  and  suns,  is  in  him.  On  the  one  side  elemental  order, 
sandstone  and  granite,  rock  ledges,  |)eat  lK)g,  forest,  s<»a,  and  shore. 
On  the  other  part,  thought  and  the  spirit  which  comj^oses  and  deco»" 
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poMS  tuture.  Here  they  are  aide  by  mile,  god  and  denl,  mind  imI 
niall^,  lung  aiid  conspirator,  belt  and  apum  riding  |warpfuUy  lu- 
gether  in  the  eye  and  In-aii)  of  ex-ery  man. — Khuison. 

The  app  in  thin  rough  draft  of  man.  Mankind  have  their  gradaticm 
as  well  B8  the  other  productions  of  the  g}obe.  There  are  a  prodipcwi 
number  of  continued  Unka  between  the  matt  perfeet  man  and  thr 
agie. — John  Wesley. 

Onk  of  Iho  most  important  results  of  Darwin *«  gtwlien  tie 
the  origin  of  H]tp<>ioH  ha«  l>een  the  roniplete  change  in  (he  iihiiH- 
BOphif-al  eoncrption  of  man.  We  no  longer  think  of  the  hiuiao 
raee  aa  a  cumplcleU  entity  in  the  midst  of  Nature,  but  apart 


fri'iii  it.  "itli  a  iliffi-niit  oricin.  a  difloront  motive,  a  ilifTrn'ii: 
ilrsiiny.  Mull  is  iLkcdu-otlii'rsiH'iicM.  iin  inhabit  ant  of  t  lie  can  I 
a  prinlini  uf  thr  ]:nvs  of  life;  his  chararierK  are  phaMi^  in  !!>■ 
Iiinjc  proci'ss  iif  I'liaiipc  iukI  aiLipli'tion  to  whieh  all  OTxani-ir.- 
tin'  siilijrci.  IVoni  till-  jMiint  of  view  of  lot'tlogr,  the  himun 
tmv  is  II  griiiipof  ilosch-  alliinl  .s|K.H'iw,  or  subspecies,  undoubtt^J- 
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ly  flerivwl  from  a  romnion 
stiK-k,  «nd  ViU'h  s\)vrivs  in 
its  raroificittinns  nnxiifi*^! 
hy  the  forc4M  and  niiKli- 
lidtw  im'lud«l  utiilor  tlii< 
f;rniTiil  ticjuls  (if  VHriatinii, 
hercdily.aogrogHlion,  wlw^- 
lifin,  anri  tJie  iinpapl  of 
cnvironincnt  precLsely  iis 
M[)ccics  in  nlher  grou|js  aro 
nfTiTtctl.  It  is  fU-ar  tliat  if 
( hcri'  is  an  origin  o(  specios 
t  liruugh  nntiiral  causes 
among  ihc  lower  animals 
und  jilunts,  tliere  is  an 
origin  of  sj*ecics  among 
men.  If  homology  among 
uninml^  am)  plunt.i  Is  the 
stamp  of  bkKMl  relation- 
.sliip,  Ihi-  sanif  rnle  holds 
ith  man  oa  well.     Man  is 


ittUtriJ;  mliri  |ibntocr«ph  Iron 
.t  BarUli.) 


connected  with  the  lower  anitnaU 
tlie  most  perfect  of  honioUigies.  These  are  traceable  in 
'pry  bone  tmJ  muscle,  in  every  bloixl  vessel  and  gland,  in 
every  phase  of  structure, 
even  iiichirling  those  of 
the  brain  and  nervous 
system.  The  common 
herwiity  of  man  with  other 
vertebrate  animals  is  as 
well  i«tal>jished  as  any  fact 
in  phylogeny  can  be. 

In  working  out  the 
details  of  the  origin  of 
man,  we  have  once  more 
the  three  "ancestral  docu- 
ments "  of  biology,  compar- 
ative analomy,  embryol- 
ogy, and  paleontologj". 

Considered  structur- 
ally, man  forma  a  single 
genus,  Homo,  the  sole  rep- 
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resentative  among  living  forms  of  the  HominicUp^  the  highfrt 
family  of  the  order  of  IMmates.  To  the  species,  man,  Ijn- 
nieus  gave  the  scientific  name  of  Homo  sapiens,  this  being  tv- 
garded  by  liini  as  the  primitive  8|)e<ues  which  has  diverg«^l 
into  several  geographical  varieties  or  races.  Of  these,  at  least 
three  might  well  l)e  regarded  as  distinct  species.  The  form 
called  by  LinnsDUS  Homo  sapiens  enropceus  inchules  not  only 
the  white  men  of  Europe,  but  allied  races  of  Africa  ami  A>ia. 
as  the  Moors,  tlie  Jews,  the  Turks,  the  Aral>s,  the  Hindii> 
and  the  Ainus  of  northern  Japan.     To  Homo  asiaiicus  bckm^ 


Fio.   'y<'l.      rppor  to<'th  of  mail  and   the  oranK-utan:   At  left,  of  a  Cauc&i«ian:    n  n.  i:* 
t»f  a   iK'Kro;    nt    riKlit.  of    a  Krowii   oranic-utun.      The  r«tniiiti<>n    itt    thr    ;«c 
t*etuf<'n    that    in    thf  orangutan   antl    that    in    the   C'aura.<Mun.       i  After    W  •*>-— 
hcini.) 

the  Mongolian  races,  |)r()l)ahly  the  K^cjuimaux   and    .\lrui-   • 
North    AiiHTica,  and    jKMhaps   the   American    Indian:^    (//••••. 
amrriranus),  with  the*  Malays,  the  South  Sea  Islan<lers.  ana  ti'- 
Australians  as  well.     Homo  ajvr  of  Africa  and  atljacent  i>Lii.i- 
comprises  tin*  kinky-haired  negroes  and  negritcKs. 

Structurally  the  nienil)ers  of  the  genus  Homo  are  ch>M!» 
allicil  to  tlu*  anthro|>oitl  ajH^s.  The  actual  difTereni^'s  r 
anatomy  are  very  slight.  The  difTerences  in  degn»e  of  nx-n;:^^ 
endowment  are  enormous,  hut  it  can  Ik*  shown  tliat  thes«»  U-*- 
tinctions  are,  for  the  most  part,  of  ilegnM*  only,  asscH*iateii  w:t' 
the  greater  size  and  greater  tlegriH' of  s|H*cialization  of  the  hra.r 
of  man.  IIomoh)gies  of  the  clo.s(»st  sort  exist,  involving  (»\t'r> 
('lenient  in  structure  as  well  as  every  function  of  the  oriiani^r 
and  every  known  meiUal  attribute.  The  anthrojxml  or  n^r - 
like  a|)(\s  cimstitute  the  family  of  Simiidie.  The  priui-ju 
sjM'cies  are  the  following,  In^ginning  with  the  U>wt»st  i>r  in-*** 
monkey  like:  Hylobutes,  the  gibbons,  of  several  s|K*cit^,  not.i^i^ 
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Fin   2*3  — Bnhy  ™ 


r  their  very  long  arms  and 
«ct  poeturt;;  Siamariga  xyiuUtc- 
ki,  tlic  siamang;  Simia  satyrus, 
IE  orang-utaD  ;  Pan  gorilla, 
10  gorilliL.  Roini>timcs  callixl 
roglodytea    gorilla    (ihough    (he 

Hill"  TriMjlailytes  wiis  finst  used 

yr   the   wrt'ti);  and   the  chim- 

Ikn3»>ra,  A  tUhrojnthiviiK  nit/rr  niid 

lIi'M.     or   thcsv   thu  gnrillu  ih 

hyncally    the     strongest.      It 

Mf^hm   II   height   of    Hyc    fwl 

Dd  a    weight   of    2IX)   pounds. 

lie    trhitnimiiiico,    Binaller    nml 

nore    amiable     in    diKposition. 

Bost   BViggtMts  iimn   in   a[)|)OHr- 

Doc,    although    the    gnrtlla    is 

triictiirally  moet  like  him. 

The  order  of  primates  has  bern  variously  clasairiiil.     It  Is 

Dnvenipntly  divided  into  five  prinnpal  groups:  (a)  the  lemurs 

including  Lemuride,  Cheiromyidar,  Galeopitherid;e,  and  atill 
more  generalized  ox- 
tinet  romw) ;  (b)  the 
PlatjTrhiiie  or  New- 
World  mon  keys 
(Cebida;  and  Arclo- 
pitherida>  or  Mar- 
mosets; {c)  tho 
Clitarrirmc  or  Old- 
World  monkeys  and 
Imhoons  (Ccreopi- 
thceidie):  (d)  the 
anthropoid  apes 
(Simiidje) :  and  (<■) 
man  (Honiiiiidip), 

Tho  lemurs  of 
Madagascar  are  tho 
moat  primitive. 
Like  other  primaltw, 
they  have  flat  oaila 
an<l    an     i>])po«ali| 
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rhumb  OH  each  foot.      Mtmki'vlike  in  their  fwt  ftnd  u 
fEi'iieml  habit,  jTt  in  appearance  tlicy  have  Uttie  to  i 
afliiiily  with  man.     In  gi-nrral  iuakf>-up,  they  aro  Kup< 
comparablf  rather  witli  weasels.  squirrrU.  and  bats. 

Thr    New-World  tnorikeys  differ  widely  fn>m   the  oUmm 
'IVihni tally  (hcv  are  distinguished   by  the  diverginit  (pUtyr 
rliiiic)  iioMiriU,  and  by  the  retention  of  the  [jrimilix-cly  I 
numl)er  of  t«cth.     ] 
of  thfin  liavft 
tails,  and  in    habtt  i 
temper  all  are  wrj  i 
like  the  more  hardy  i 
pugnacious  moakpvv 
the  OI<l  W.icld.     Ml 
()i<l-World     mimke>-s 
\^-i-ll    as    the    apt«   t 
man  havr   fwraUd   a 
triU,  directed   downw 
(ralarrhinp).    Tfadr  U 
if  [)r»eDt,  arc  not   \ 
heiL<ile,     aud     in     tl 
habits  and   tcMnper  tl 
approach    progrfwtvdy 
toward  nian.    Catarrhii 
monkeys   are    knuwn  i 
'  havr   oxtaLod    io   tb 

Miocene  period.  1 
antliroptiid  apc»  TVf 
M_>Dt  a  high  defcrtv 
advancement  within  th<^  same  gn>up  which  finds  it*  final 
treme  in  the  genus  Homo. 

Considering  stnietural  rharaclcra  aktne,  it  is  rea«Iily  r 
eeivable  that  man  should  have  had  an  anlhro|ioid  annvtrf 
that  the  anlhro|)oids  hhouM  have  sprung  from  an  Old-Wa" 
monkey  stock,  and  that  the  Old-World  monkeys  in  turn  i 
dcrivr-d  from  the  lemur.-*.  It  is  not  supposaWe  lliat  any  Dvi 
s|>ecicsuf  man  has  sprung  from  any  oxtanr  .ipcciwiiif  anthropi 
»!«•.  Tlie  |)oinl,  of  junelun'  is  clearly  far  back  in  the  earl 
Tertiary  limes,  but  morphological  eviflenec  {lointMto  the  cct 
n  iiriion  '>f  primitive  man  and  the  known  anthropTNtls.  It 
of   counu',  Mrrtatn  that  the  internx^iate  forms  wiien  knot 
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will  not  bo  mrirtly  uan-«pc«.  nor  Bpc^mMi,  btit  retbn*  primitive 
crcaturm  uniting  thr  (xxKitiilitJcH  of  both.     From  that  oomfitimi 

liWH  ami  n\te«  havp  eintT 
ilivprgwl  ami  will  nut- 
tinuc  III  diverge. 

Thrrc  in  iiu  duiilii  uf 
tlie  trutb  of  Huxlrj-'s 
Ktalt^mem : 

"Thus  whatewr  system 
uf  urgniiM  bi-  ntudiiHl,  liir 
comparison  of  llicir  mnli- 
Gmuuiu  ill  tlu-  K{N-  m-TUM 
lends  1u  oiir  and  thr  auxie 
ivsult — that  the  nruMurid 
iliffcrencps  whirtt  ji(T]iamtr 
man  from  ibe  icorilla  aiid 
il\e  chimfuuiMv  an-  uut  lot 
ftnut  as  thiwr  n-hir>i  wpanttc  thr  gorUla  from  tbe  lover  ape*." 

In  fact,  an  H»t'<'kcl  has  oIimtvpi], 

"  It  is  Very  difBcull  lo  stiow  «rby  man  nhoulil  not  be  rliuMrd  mth 

the  large  apes  in  the  Botnr  zonli^ml  family.  We  ail  know  n  man  from 
an  ape,  but  it  is  iiuiti?  oil- 
otitf-r  ihiiijE  to  find  differ- 
eti(«a  whli'h  are  abmlule 
and  not  of  tleifTre  only." 

It    iiiay  In*    broadly 

Btat4^   that  man  diffrrx 

from    the    a])es  in    the 

combination  of  the  fob 

lowing    charaetn^:    (1) 

Ereot     walk ;     (2)     ex- 

iremitiea     differpntial«l 

r.a.  a87.— p«- of  p*iii..    .AfwBwhm.)        acrordingly,    the    great 

toe    not    being    opjKKi- 

\  able,  the  other  Iocs  liltli-  preliciwile;  (3)  arlicnlatc  sjie^eh;  (4) 

]  higher  reasoning  power.     The  erwl    walk  is  not   an   alwoluto 

I  ehHraetCT.     The  bighi-r  ajies  walk  on  their  fwt.  touehing  the 

rouml   at   times   with   their   knnrklrs.     Tlip  taile*!  nionkeya 
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walk  like  a  bear.  Four-footed,  and  resting  on  the  palms  oT  their 
handii.  The  niuscleM  in  each  case  are  the  same,  although  in  nun 
tlie  gaatrociicniius  and  solcus  arc  enlarged,  forming  the  nH 
of  the  leg,  while  the  expanded  gluticiis  maxiuius  fomm  thr 
buttocks.  Hotli  buttocks  and  ralf  arc  scantily  develo|ict]  in 
the  apes  and  monkeys,  but  the  muscles  forming  them  are 
essentially  tlie  same  as  in  man. 

The  monkeys  have  been  called  Quadnimana,  four-hande<l. 
Ik'Cuusc  the  foot  like  the  hand  is  fitted  for  grasping,  ami  ili>- 
great  toe,  like  the  thunih.  i" 
opposable  to  the  other  dieirs 
But  as  Huxley  hiw  clearl> 
shown,  this  modificarion  in- 
volves no  real  ehange  »f 
stnictiu^.  An  oxaniinaii>>n 
of  the  bones  and  musrl<s 
involved  at  once  shon-s  thai 
the  hinder  limb  in  ajK^  an.l 
monkeVM  is  truly  a  fi«H  arii 
Tw\  a  liiuui.  Part  by  j'a:; 
the  himliT  foot  of  iho  m.-i;- 
kcy  is  homologous  with  t:i'' 
fiHit  (if  inun.  unt  with  I'k 
hiiiid  (Fig.  2S1).  Th.-  l.«--r 
ll:c  [lower  nf  op(Hi.-iii!;  il-- 
/..w.ufi.T  miller, ,i[r,i|.i,.i  great    ttw,    on    tlie     jian    ■•"' 

man,  is  a  n-sult  iiicidint  ;■■ 
llir'  u.^e  of  iIk'  liiiidcr  limbs  for  walking  alone,  and  ii'<[  ;  <* 
grits]  liiig.  111  MHiic  (if  I  lie  lower  raecs  of  man  tin-  in"'-' 
siuiiilsH|iiirl  friiin  tlic  uliiers  to  a  larger  extent  than  in  tI- 


t  riailla  of   tlif   l*i|i"i« 


Km 


In  llK'.'iiMSlIiereisagrejil' 

of  tli.-s.-ril|.  i.M.l  theear  tlmii 
.■as,-s<,f  incn  who  :(re  :ib!r  I. 


r  degree  of  mobility  of  the  niU"-;- 
in  man.  but  there  are  very  iiiai' 
innve  these  museles  fn^-ly.  p 
11  iirc  quite  useless,  as  are  .also  tli.w  ■ 
■h  the  eot-evx  or  tail  is  se:ire.-|v  i 


Ill-Ill  are  usually  ruilimentary.  but 
i-fi-  l.elli  are  the  largi>t<t  of   ilif  «;-i. 
1..-  ajH-s  (I'ig.  2RL>). 
r  ilial  man  agrees  in  all  large  maiii 
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with  the  anthropoid  apes,  and  that  he  cannot  be  separated  as 
an  order  from  other  primates. 

In  mental  attributes  the  differences  are  very  great,  but  these 
are  all  rorrclated  with  the  large  size  of  the  human  brain,  and  are 
all  psychological  expressions  of  the  high  degree  of  speiiftlization 
of  its  parts.  The  largest  recorded  human  brain,  according  to 
Huxley,  has  a  weight  of  sixty-five  to  sixty-six  mmces,  the 
Kmallest  of  about  thirtj'-two.  The  brain  of  the  highest  ai»c 
weighs  aluut  twenty  ounces. 

The  immense  differenres  l)etween  the  inlelligence  of  ajx'  and 
man  doea  not  imply  any  corresponding  pliysicral  ga]>  between 


them,  or  any  corresixmding  difference  in  their  brains.  Huxley 
uses  the  illu.^trat ion  of  a  watch  which  kec|>s  perfect  time  as 
compared  with  a  watch  having  imixrfect  machinery.  Tlie 
difference  is  not  so  much  in  the  structure  of  the  watch  as  in 
the  fineness  of  the  parts  and  the  jMrfection  of  their  adjustment, 

"  Ilolieving  an  I  do  with  Cuvier  thai  the  poascs.sioti  of  iirtiiiilatc 
fl(>«>ech  is  the  grami  diatinrtivc  chanicli-r  "f  man  (wJiether  it  l>e  ulwo- 
tutely  |>oculiar  to  him  <ir  not),  I  find  it  very  ciwy  to  i-(im|in'hi'nd  that 
some  equally  inconNjiicunus  ftnictural  liifTcreni-e  may  have  Ijcen  tlic 
primary  cause  of  the  immeasuralilc  »ii<l  iiracticftUy  iiifjnitc  divergence 
of  the  Human  from  the  Simian  stiri>s." 


460 


EVOLUTION   AND  ANIMAL  LIFE 


Huxley  further  shows  that 

"  the  brain  is  only  one  condition  out  of  many  on  which  intellrrtui] 
manifestations  depend,  the  others  being,  chiefly,  the  organs  of  the 
senses  and  the  motor  apparatuses,  especially  those  concerned  in  yt^ 
hension  and  in  the  production  of  articulate  speech." 


Fkj.  290. — Uight  hniul  nt  loft,  and  right  foot  at 
riicht.  of  a  two-inonth!*-oM  human  embryo, 
!«howinK  xitnilar  position  of  the  hr^t  <liKit 
(thumb,  great  toe)  in  each.  (After  Witnlen*- 
heim.) 


Selenka  finds  that  man  and  the  man-apes  agree  in  the  mannrr 
and  relation  of  the  young  in  the  mother-lxxly  to  that  l>ody  in 
that  both  man  and  man-apes  have  but  a  single  disclike  placenta, 
while  the  other  SLpea  have  two  opposed  disc  placentas.  An*! 
Friedenthal  finds  that  while  the  blood  serum  of  man  is  |)oL«i<>nou« 

to,  and  destroys  the  rvd 
blood  corpuscles  of  all 
other  animals  experi- 
mented on,  these  animab. 
including  fishc*8,  amphih- 
ians,  reptiles.  !>inls,  and 
mammals,  anions  \vhi«h 
latter  were  It'inurs  ani 
Now-World  (.1///*^  :irii 
Piihecosciurus)  an*!  Hi.:- 
World  {Cynoc(  jfh4il  ,* 
Macacus  and  Rht*'** 
monkeys,  it  does  not  injure  the  corpiLsclc\s  of  the  nian-a>- 
(oran^,  gibbon,  and  chimpanzee).  This  immunity  exists  *»r/» 
among  closely  reflated  animals  as  the  horse  and  donkey.  .i»t: 
and  wolf,  an(i  hare  and  rabbit.  From  which  it  is  rvidenl  tha: 
man  and  the  nian-a|K\s  have  nearly  identical  bUxHl. 

The  second  "ancestral  document/'  embryoh)py.  <»inph;i.^:3»^ 
the  common  origin  of  man  with  that  of  the  higher  vertt»bra>- 
and  notablv   with   that  of  the  anthroinnds.     The  onibr\««'»    •* 
man  and  apes  develop  in  a  fashion  prtn-isely  parallel.     In  U.tr 
as  in  all  otlier  maniinals,  the  early  presence  of  gill  slit.-^  furni^^"* 
evidence   of  a   descent    from   a   fishlikt*  ancestry.       The   >:»nr 
evidence  is  given  in  the  embryonic  growth  of  reptil(*s  aiul  i'lr-i* 
In   the   development    of   tlu'   human   child   .some   simian    Tr-i.** 
a|>|)ear,  the>c  being  wholly  or  |)artly  lost  in  the  nion*  advaii.^*: 
stajres.      .\niong  the>e  is  the  lanugo  or  general  covering  t»f  l»«r:i 
hairs,  more  or  less  developed  in  certain  stages  of  fcrtal  gn»\\*' 
but  lost  entirely  before  birth.     The  curving  upwartl  of  the  !e«t 
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iliararWriHtic  of  curly  cliildhood.  is  a  simian  trail.  Acrarding 
[II  Jcffroya  Wyraan,  wlieo  tlip  fa-His  in  al>oiit  an  iiirh  in  Ictigtii, 
"  thp  great  toe  is  shorter  than  ihc  others,  and  inslcad  of  being 
[laratlfl  to  Uiem,  ie  projected  al  an  angle  from  xhf.  nidc  of  tlie 
foot,  thus  corresponding  with  the  permanent  eondilioii  of  this 
part  in  the  (jiiadrumaiia." 

The  great  grasping  jwwer  of  young  Imbiea  is  well  known, 
and  this  is  likewise  a  simian  trnit. 
I>r.  Ixiuiiii  Rol>iiis(in  ha.s  shown  thiii 
ver>'  young  bahies  will  support  then 
own  weight,  by  holding  to  a  hoii- 
»>ntal  bar  for  a  period  of  half  u 
niintiti>  to  two  minut(«.  In  all  easi^ 
"thf  thighaare  bent  nearly  at  rijilil 
anglen  to  the  body  and  in  no  eusr 
did  the  lower  limbs  hang  down  niul 
take  the  attitude  of  the  erect  jio^i- 
tion'*(Fig.  291). 

The  study  of  embryonic  devcloji- 
menl  shows  also  that  (he  tail  in 
man  and  ape  alike  is  at  a  certain 
stAgfi  of  development  Iong<-r  than  Ihc 
tegs,  as  in  the  monkeys  and  oilier 
lower  manunals.  In  this  stage,  ac- 
cording to  Romanes,  "the  tail  ad- 
mils  of  being  moved  by  muscles 
which  later  on  dwindle  away." 
Sometimes,  however,  these  muscles 
penuHt  through  life. 

The  vermiform  apiiendix  b  like- 
wise  more  developed  in  the  human 

embryo  than  in  the  adult,  a  faet  which  holds  in  regard  to 
vestigial  slnietures  generally.  As  already  stateil  In  Chapter 
XX  (diseusition  of  vpHtigiul  structures),  Wiedersheim  has  re- 
corded in  man  ISO  structural  remini8cen«*»  of  his  dnn-ent  from 
the  lower  animals.  All  the  facta  of  this  class  point  to  a  c<»mmon 
origin  of  man  and  ajxf,  and  an  earlier  ronununity  of  origin 
with  other  nuimnials  and  with  other  vertebrate's.  Ihc  most 
primitive  traits  allying  all  of  them  with  the  Ijshea. 

I'aJeontoIogy  has  eomimratively  httle  to  offer,  but  that  little 
i»  decisive.     The  life  habits  of  men  and  monkeys  are  tungulorly 
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unfavorable  to  the  preservation  of  thrir  remains  as  fosib  in 
rocks.  Of  the  hundreds  of  species  and  millions  of  indi^'idiuls 
of  the  monkey  tiibes,  very  few  of  their  remains  are  known 
anywhere.  Living  in  thickets  and  underbrush  there  is  little 
opportunity  for  them  to  be  preserved  as  fossils.     With  man. 


the  condition  is  not  very  different.  Implements  of  stone.  Ixine. 
bronze,  and  iroii  niiirk  stiiges  in  tlio  develoitmrnt  <if  jiriaiitivt' 
tribes.  Fossil  rcnmins  are  confined  alnio.it  wholly  lo  iini.~ 
buricil  in  (luicksami  or  in  the  drippings  of  i-ave^.  Of  ilfc^-;: 
monkeys,  .several  genera  have  l(*>en  descrilx-d.  I'on  Kinilrf.^i' 
is  ii  siH-cies  of  extinct  porillii  from  the  I'hiicene  of  !!»■  riii:j:ii/ 
Of  all  tlie  f<w.sil   ,,-i„u.— 


the 


of    the 


interest  is  Pithinitithr-^p-.t 
crrctu*.  from  the  'ipi"? 
I'lincene  of  Jmvji.  I;ti«:y 
desfrilxvl  by  l>r.  Kiici- 
Du  Hois.  "  This  s|^vi.- 
hns  l>een  de^ignaioi  }-y 
Hneckclus"tlie  l:i.-t  link 
in  human  gonealopy.  b- 
LLiiK  ;•.  iiminKr-  cliiiraclers  have  Nth  \n'.'. 
^,:,i,.n.,r.:  til  eorresjKiml    with   il;.w 

of  the  tiyix.th.-ti.-.-,l  :,|.- 
rkrl  iili.l  nanieil  l'ith,r,inlhr,>in,.-'  al.im..- 
\vere  found.  The  generic  iiatne  of  il.' 
IS  1..1-11  traiisferr<-<l  t..  the  :utu:d  i-".< 
if  litis  s|M'cii's  arc  scanty  enough.  eiin>i-!- 
■iniir.  iiiul  two  tiH-th  (figs.  1><H  and  u"*' 
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In  Haecknl's  Cambridge  lecture,  "  The  I^ast  Link,"  the  facta 
conoerniiif;  this  fomiil  arc  thus  summed  up: 

"T)tf  n'liiiiiiis  ill  (luestion  rested  upon  a  canElomeraU^  whjrh  lies 
U[K»i  a  lio<l  of  marine  marl  and  sand  of  I'liorcnc  Age.  Tii|!(>lhcr  with 
the  IxHtes  of  I^thceanlhropua  were  found  those;  of  St(.>fci>il<>ii,  Leptobos, 
Rhinoceros,  Hub,  Felis,  Hyana,  Hippojwlainus,  Tapir,  lOlephim,  and  a 
gif^ntic  Patijijolin.  It  is  re- 
markable that  the  Ri«i  two 
of  tlicse  genera  are  now  ex- 
tinct, and  that  neither  hip- 
po|>otaniu.t  nor  hytena  existfl 
any  longer  in  the  oriental 
repon.  It  we  may  judtce 
from  these  fosMl  remains, 
theboDetiof  I^thccanthropus 
are  not  younger  than  the 
oldest  Pleistocene  and  prob- 
ably belong  to  the  Upper 
PBocene.  The  teeth  are  very 
like  thoae  of  man.  The  fe- 
mur also  is  very  human,  but 
shows  aome  resemblance  to 
that  of  the  gibbons.  Itenze, 
however,  indicates  an  animal 
which  stood  when  erect  not 
less  than  five  feet  six  inches 
Idgh.  The  skullcap  is  very 
human,  but  with  very  ])roini- 
nent  eyebrow  ridges,  like 
those  of  the  famous  Neander- 
thal cranium.  It  is  certainly  not  that  of  an  idiot.  It  had  an  cstiiniitcd 
cranial  capacity  of  about  1,000  c.c.,  that  is  to  say,  nnich  Uirgcr  thjtii 
that  of  the  largest  aj)e,  which  jvossesaes  not  more  tlian  f'lUU  c.c.  The 
crania  of  female  .'Australians  and  Vcddahs  measure  not  more  than  1,10() 
c.c,  M>me  even  less  than  1,000  c.c;  but  aa  these  Vinldah  women  slaml 
only  al>out  four  feet  nine  inches  high,  the  computitl  cranial  capacity 
of  the  much  taller  Rthccanthropus  is  comparatively  low  indeed." 

The  impressions  left  by  the  cerebral  convolulion.s  nre  also 
very  human,  more  highly  develoiK-d  than  in  the  recent  a|MTi. 


40-1 


KVOI.I^TION-    .VXD  ANIMAL   LIFE 


It  is  Btat.(>d  that  in  the  iJiscu^ioii  at  I^-Jim,  wherr 
T>u  Boia's siK'cimeiis  wcro  firet  exliibiteil,  "tlinx-  of  thr  tw 
ex|M>rt8  present  held  that  tlic  fossil  miiniti«  )M-lon;ied  Itt  * 
m(T  of  man;  three  derlnrrei  them  In  \<f  lh<j«e  iif  a  tiumlikp 
nf  great  nixc,  the  n-nt   tnsinliiinrd   tliul   lliey  hHonic>i|  ki 


intftrmediat  (■   form    whieh   directly   connected   pKuutivv 
with  tlie  anthro|X)id  itixa."     (Haeekel.) 

Of  the  several  early  relics  which  are  di§tinrt1y  htiniM 
Neanderthal  skull,  ftiiiiid  by  Professtir  SchafTlinuscn  in  a 
Htone  cave  in  the  Neanderthal,  near  D)'ia<cliiiH*f.  U  the 
nutahle.  This  akiill  reproM^nta  the  mo8t  primilivc  and 
fipeeinlixed  of  any  skull  type  known  to  be  diirtinctly  ht 
Ir  has  therefore  been  recently  named  aa  a  di»tiQct 
man,  Hitmo  nfotuii-rthnli-nsis. 

According  to  Huxley,  this  type  of  man,  whilr 
simi)|e,  iiriinitive,  and  doubtless  ojttremely  lisrl»aroua  U,  v 
thelese,  wholly  human.  It  shows  no  diMinctly  {Htliretrid 
acters,  and  il  lielonp*  clearly  to  the  genus  Homo. 

Another  skull  of  great  antiquity  comm  from  a  eai 
Kngia  in  the  valley  of  the  Meutte,  and  is  known  »§  the  1 
Akiitl.  Tliis  V!a»  found  aaeodalrd  with  bom«  of  tlie  mam 
and  of  the  woolly  rhinoceros.    This  also  is  extremdy  prbni 
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suggesting  the  skull  of  an  Ethiopian.     It  is,  however,  more 
like  that  of  recent  man  than  ia  the  Neanderthal  skull. 

The  comparison  of  the  difTerent  races  of  men  through  the 
methods  of  the  science  of  ethnology  throws  much  light  on  the 
relations  of  the  races  to  one  another,  but  casts  little  light  on 
the  origin  of  the  genus  Homo.  This  study  considerably  in- 
creases the  number  of  primitive  races  beyond  the  three  stems 
usually  recognized  or  the  four  named  by  Linnious.  The  form 
of  the  skull,  the  color  of  the  skin,  the  character  of  the  hair,  und 
the  traits  of  language  have  given  rise  to  the  technical  nonion- 
claturc  of  numerous  more  or  less  well-defined  groups.     These 
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races  of  men  hmite<l  hy  geographical  segregation  run  more  or 
leas  distinctly  parallel  to  the  races  or  geographical  subspecies 
within  widely  distribuleii  species  of  animals.  Our  knowle<lge 
of  the  origin  of  man  as  derived  from  ethnology  is  thus  wimme<l 
Up  by  Huxley:   "So  far  as  the  light  is  bright  it  shows  him  sub- 


EVOLUTION   AND  ANIMAL  LIFE 


stantially  as  he  is  now,  and  when  it  gran's  dim  it  permits  us  lo 
see  no  sign  that  he  was  other  than  he  is  now." 

Tlie  gradual  development  of  man  from  nomadic  ajiK: 
the  gradual  effect  of  the  prolonged  infancy  of  his  young  in  tbr 
holding  of  the  family  to- 
gether; the  altruistic  (nns- 
formation  of  the  family  inm 
the  patriarchal  and  tri)c! 
systems;  the  prs<liial  in- 
crease of  the  power  of  rhiurt- 
among  instincts,  a  dfvi-l";'- 
ment  which  at  la.'it  plairr 
intellect  above  instinct,  ir* 
use  of  fire  and  the  iis»-  ■•: 
tools,  the  growth  of  fif^i-ri: 
and  its  reaction  u;)on  inti-l- 
ligence,  the  invention  i-f 
writing,  effects  of  thf  -:- 
premacy  of  the  stn-ni:-::^ 
lliesr  matters  itff.ini  l:i-,-- 
rariKi'  fur  N]n'ciiliili(ni  ami  some  o])|x>rtunity  for  dirci-i  inv.-~-  ■ 
gatiim.  hut  lhi>  i-ssciiTial  fact,  the  kinshiji  of  man  wiil,  :■■ 
lower  r.irins.  juiii  liis  liivcrgonce  from  them  thniugh  the  ..prj- 
tiiiii  iif  iiiitiiral  laws,  f<)ncs  and  conditions  more  or  h-.-;  i-r- 
fc<-lly  umlcrstooil,  all  this  must  now  be  taken  iis  scttlcil  l.y  ■■■ 
iiivcsiifTiU  inns  and  dis- 
coveries of  DarwiTi  and  liis  y'-^^S'^ 
cownrkeisandMircessors. 
AssTiiiiiriK  tl;al  the  coiic- 
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■epresetK.Nl  in  Australia,  Certain  extinct  h-mur'a.' 
iiirire  disliin-lly  primitive  than  any  of  the  li\,iii 
e  marsupials  are  coniiccteil  with  the  primitive  cm:; 
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of  reptile-mammals,  the  Monotremes  (Qmiihorhynchus,  Tachy- 
ylosHus),  now  also  represented,  althougii  scantily,  in  Australia. 
The  Monotremes  may  be  assunu»d  to  Ix?  derived  from  reptilian 
stock,  jwrhajxs  from  ancestors  of  the  three-eyed  lizards  of  New 
Z<*aland,  known  as  Sphencxlon  or  Hatteria.  Behind  these 
lizards  we  c^»rtainly  find  the  primitive  amphibiaiLs  or  mailed 
frogs  and  behind  these  the  group  of  lung-bearing  fishes,  known 
as  fringefins  or  crossopterygians.  These  fishes  were  originally 
derived,  no  doubt,  from  sharks,  and  the  sharks  may  have 
come  from  wormlike  forms  through  internuHJiate  groups  which 
find  their  nearest  modern  homologues  in  the  lainjirey  and 
lancelet,  and  possibly  in  the  wormlike  acorn-tongue  or  balano- 
glossus,  a  creature  which  to  a  soft  wormlike  IxkIv  adds  the  gill 
slits  of  a  vertebrate  and  a  trace  of  a  primitive  backlH)ne  or 
notochord.  Haeckel  goes  on  with  confidence  to  show  the 
derivation  of  one  type  of  worm  from  another,  of  all  from  allies 
of  the  hydra  and  vol  vox,  then  from  the  one-celkni  amcrba, 
and  at  last  from  the  still  more  primitive  monera,  a  micro- 
scopic bit  of  protoplasm.  But  with  every  step  backward  the 
genealogy  grows  more  and  more  hy[K)thetical.  All  sorts  of 
possibihties  o|x*n  at  every  turn  and  positive  proof  is  necessarily 
lacking.  The  gill  sHts  and  the  primitive  notochord  of  the  human 
embryo  leave  little  doubt  that  man  in  common  with  all  other 
vertebrates  had  a  fishlike  ancestrv.  In  the  line  of  this  ancestrv 
must  have  lain  the  extinct  crossopterygian  fislu»s.  but  In^hind 
this  there  is  room  all  the  way  for  serious  doubt  and  (juestioning. 

Tliis  much  is  certain,  man's  place  is  in  nature.  He  is  part 
and  parcel  of  nature,  and  the  forces  that  still  act  on  flower  and 
bird  and  l)east  are  the  forces  by  which  the  central  energy  of 
the  universe,  whatever  its  name  or  definition,  each  day  "in- 
stantlv  and  constantlv  renews  the  work  of  creation.'' 

Objections  have  been  raise<l  to  the  theory  of  the  descent  of 
man  from  the  lower  primates  on  grounds  supposed  to  find  their 
sanction  in  theology.  Such  objections  have  no  standing  in 
science.  In  Darwin's  words:  ** Theology  and  science  must  each 
run  its  own  course  and  I  am  not  responsible  if  their  nu*eting- 
point  be  still  afar  off."  In  the  long  run,  theolog>',  with  other 
forms  of  philasophy.  must  adjust  itself  to  harmonize  with 
ascertained  truth.  The  origin  of  man  is  not  a  question  of  per- 
sonal preference  nor  one  Ut  l>e  decided  by  a  majority  vote.  The 
only  question  is  as  to  what   is  true.     "Extinguished  theolo- 
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gians,"  Huxley  tells  us,  "lie  about  the  cradle  of  every  sciencp 
as  the  strangled  snakes  beside  that  of  the  infant  Hercuk^/' 
Looking  along  the  history  of  human  thought,  we  see  the  attempt 
to  fasten  to  Christianity  each  decaying  belief  in  science.  Every 
failing  scientific  notion  has  claimed  orthodox^'  for  itself.  Thit 
the  earth  is  round,  that  it  moves  about  the  sun,  that  it  is  old. 
that  granite  ever  was  melted — all  these  beliefs,  now  part  of  our 
common  knowledge,  have  been  declared  contrary  to  religion, 
and  Christian  men  who  knew  these  things  to  be  true  have  suf- 
fered all  manner  of  evil  for  their  sake.  We  see  the  haml  of  tli«» 
Almighty  in  nature  everywhere;  but  ever\n^'here  he  work:*  \»ith 
law  and  order.  We  have  found  that  even  comets  have  <irbit<: 
that  valleys  were  dug  out  by  water,  and  hills  worn  <iown  hy 
ice;  and  all  that  we  have  ever  known  to  be  done  on  earth  liij 
been  done  in  accordance  A^ith  law. 

Darwin  says:  "To  my  mind  it  accords  better  with  what  we 
know  of  the  laws  impressed  on  matter  by  the  Creator,  that  ih^ 
production  and  extinction  of  the  past  and  present  inhabitant* 
of  the  world  should  have  been  due  to  s<»condary  caiiM^s.  likt» 
those  d(»terniiiiing  tiie  birth  and  death  of  an  individual.  Whrr. 
I  view  all  lK'in»is,  not  as  special  creations,  but  as  lineal  dt^cc^n  i- 
ants  of  some  few  IxMUgs  who  live<l  before  the  first  IhhI  of  Siluriar. 
WHS  (ie|)()site(l,  they  seem  to  me  to  lx»come  ennobltni.  'n;*T»* 
is  grandeur  in  this  view  of  life,  with  its  several  i>owtTs  having 
be(»n  ori<;inally  breathed  by  the  Creator  into  a  few  forms  ••: 
into  one.  and  that  while  this  planet  has  gone  cycling  on  a<n'r»:- 
ing  to  tlie  fixetl  law  of  gravity,  from  so  simple  a  In'trinn  r.^ 
endless  forms  most  beautiful  and  most  wonderful  have  U-^i. 
and  are  l)ein<!:  evolved.'^ 

With  the  growth  of  the  race  has  steadily  grown  our  ri»> 
ce|)tion  of  the  ()mni|)otence  of  God.  Our  ancestors  felt,  as  mair. 
races  of  men  still  feel,  that  each  household  must  have  a  pni  ••* 
its  own.  for.  numerous  as  the  greater  gods  were,  they  wt-rt- 
busy  with  priests  and  kinp:s.  Men  could  hardly  Ixdieve  that  th«' 
Ciod  of  their  tiibe  could  he  the  (lod  of  the  Gentili*s  also.  TliAt 
He  could  dwell  in  the  tem|)les  not  made  with  hamis  remove^l 
Him  from  human  si»j:ht.  That  there  could  he  two  n^ntinei::- 
was  deemed  impossible,  for  one  CickI  could  not  watch  them  U)tl!. 
That  the  earth  was  th(*  central  and  sole  inhabited  planet  n^t<>i 
on  the  same  limit e<l  conce|)tion  of  God.  That  the  beginnini 
of  all  things  was  a  few  thou.sand  years  ago  is  another  phase  of 
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the  same  limitation  of  view,  as  is  the  idea  of  the  special  mechan- 
ical creation  for  every  form  of  animal  and  plant. 

A  Chinese  sage,  whose  words  remain  lliougii  his  name  be 
lost  in  mists  of  the  agea,  has  said:  "He  e^innot  be  concealed; 
He  will  appear  without  showing  Himself,  effect  renovation  with- 
out moving,  and  cieate  i»crfection  without  acting.  It  is  the 
law  of  heaven  and  earth,  whose  way  is  solid,  substantia],  vast, 
and  unchanging." 


APPENDIX 


Refkrencea  to  general  and  special  treatments  of  the  subjects  in- 
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readers  and  elementary  students  wishing  to  follow  up,  in  more  detail 
than  is  offered  in  this  book,  the  study  of  any  particular  phase  of  the 
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of  To-day,  pp.  1-21,  1889.  Le  Conte:  Evolution,  Its  Nature,  Its 
Evidences,  and  Its  Relation  to  Religious  Thought,  pp.  3-31,  1888. 
Haeckel:  History  of  Creation,  vol.  I,  ch.  i,  1892.  Marshall:  Dar- 
winian Theory,  pp.  1-24,  1894.  Williams:  (Geological  Biology, 
pp.  371-384,  1895.     Romanes:  Darwin  and  After  Darwin,  vol. 

I,  pp.  12-22,  1896.  Marshall:  Biological  Ixjcturos,  pp.  1-26, 
1897.  Howison:  Limits  of  Evolution,  pp.  12-48,  1901.  Huxley: 
Darwiniana,  1894. 

Chapter  II.    Variety  and  Unity  of  Life. 
Jordan:  Footnotes  to  Evolution,  ch.  i  and  ii,  1902. 

Chapter  III.    Life,  Its  Physical  Basis  and  Simplest  Expression. 

Verwom:  General  Physiology,  1899.  Wilson:  Chapters  on  Evolution, 
pp.  61-79, 1883.     Haeckel :  History  of  Creation,  vol.  I,  ch.  xv;  vol. 

II,  ch.  xvii  and  xviii,  1892.  Huxley:  On  the  Physical  Basis  of 
Life  (ch.  iii,  in  I'^ssays  on  Method  and  Results).  Marshall:  Bio- 
logical Lectures,  pp.  114-191,  1897.  Conn:  The  Method  of  Evo- 
lution, ch.  ix,  1900.  Jordan  and  Kellogg:  Animal  Life,  ch.  i,  ii,  and 
iv,  1900.  McFarland:  The  Phj'sical  Basis  of  Heredity,  ch.  \i  in 
Jordan's  Footnotes  to  Evolution,  1902.  Wilson:  The  Cell  in 
Development  and  Inheritance,  2d  ed.,  1904.  Weismann:  The 
Evolution  Theory,  vol.  II,  Lect.  36,  1904. 

471 


472 


APPENDIX 


Chapter  IV.    The  Factors  and  Mechanism  or  Evolution. 

Darw'in:  Origin  of  Si>edes,  oh.  xv,  1859.  Si)encer:  The  P'artor>  of 
Organic  p]volution,  pp.  1-37,  1889.  Gray:  Darwiniaiia,  pp.  1M>1. 
1889.  Conn:  The  Method  of  Evolution,  1900.  Co|ie:  IViiiian- 
Factors  of  Organic  Evolution,  1896.  Jordan:  Footnotes  i*» 
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Theory,  vol.  I,  Lect.  1,  1904. 
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to  Darwin,  ch.  \i,  1899.  Headley:  Problems  of  Evolution.  j»j'. 
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Actinocephalus  oligacanihus  (illus.), 
216. 

Adaptation,  66,  327;  categories  of, 
328. 

Aid,  mutual,  369. 

Allen,  J.  A.,  136,  206. 

Altmann,  theory  of  protoplasmic 
structure,  250. 

Amaryllids,  sports  of  (illus.),  103. 

Amblystoma  opacum  (illus.),  20. 

Amitosis,  252. 

Amopba  eating  one-celled  plant 
(illus.),  31;  moving  (illus.),  30; 
polypodia,  stages  of  fission 
(illus.),  31;  reproduction  of, 
213;  (Ulus.),  214. 

Amphimixis,  154. 

Analogy,  between  variations  in 
species  and  in  languages,  325; 
defined,  173;  in  wings  of  ani- 
mals, (illus.),  173. 

Anaphase,  defined,  256. 

Andrena,  nest  of  (illus.),  384. 

Andricus  aiiifomicuSf  galls  pro- 
duced by  (illus.),  342. 

Anemone,  sea,  with  algae  in  body 
wall  (illus.),  377. 

Anosia  plexippus  and  its  mimic 
(illus.),  422;  metamorphosis  of 
(illus.),  235. 

Antlion,  larva,  excavating  pit 
(illus.).  330. 

Ants,  castes  of  (illus.),  391;  com- 
mensal life  with  aphids,  374; 
communal  lift»  of,  391;  nest  of 
(illus  ).  392;  (illus),  393;  social 
parasitism  of,  375;  symbiosis 
with  plants,  377. 


Apes,  anthropoid,  classification  of, 
454;  ears  of  (illus.),  174. 

Aphids,  commensal  life  with  ants, 
374. 

Appendix  vermiformis,  of  kangaroo 
and  man  (illus.),  179. 

Apple,  hybridized  mosaic  (illus.), 
101;  seedlings  of  the  Williams 
Early  (illus.),  102. 

AquUa  chrysdetus  (illus.),  44. 

i4r6arta,  extra-ovates  of  (illus.),  281; 
viridiSf  regeneration  in  (illus.), 
282, 

Archctopteryz  lUhographica  (illus.), 
302. 

AscarU  megalocephaia,  spermato- 
genesis of  (illus.),  264;  (illus.), 
265;  (illus.),  271;  var.  uni- 
valensy  cell  division  in  (illus.), 
258. 

Ascidian  (illus.),  42;  (illus.),  364. 

Asters,  defined,  254. 

Atavism,  166. 

Australia,  rabbit  and  other  plagues 
of.  65. 

Aythya,  family  of  (illus.),  443. 

Barnacle  (illus.),  365;  metamor- 
phosis of  (illus.),  234. 

Barriers,  g(»ographic,  316;  influences 
of  pcH^graphic,  128. 

Bascanion  constrictor  (illus.),  43. 

Hamlarchia  nrchippus^  mimicking 
Ano»ia  (illus.),  422. 

Bates,  H.  W.,  402. 

Batt^son,  Wm.,  141,  147,  148.  192. 

Bat  tick,  wingless  (illus.),  351. 

Beavers  making  nests  (illus.),  437. 
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Bechamp,   theory  of  protoplasmic 

structure,  250. 
Bee,  carpenter,  nest  of  (illus.),  384; 

mining,   nest   of   (iilus.)»   384; 

social,  384;  solitary,  383. 
Beetle,  California  flower,  apparent 

determinate  variation  in,  152; 

polygon  showing  variation  in 

pattern  of  (illus.),  152;  (illus.)f 

153;  (illus. )»  154;  variation  in 

pattern  of,  134. 
Beetle,  fore  leg  of  male,  of  water 

(illus.),  73;  long-homed  boring 

(illus.),   12;  (illus.),  41;  scara- 

beid  (illus.),  72. 
Bell,  R.  G.,  85,  142,  192. 
Belt,  Thos.,  402,  417. 
Berries,  Burbank's  work  with,  93. 
Berthold,    theory   of   protoplasmic 

structure,  250. 
Bethe,  A.,  428. 
Bionomics,  defined,  1. 
liiophors  of  Weismiinn,  251. 
Biixi  of  |)aradis<',  male  (illus.),  221. 
Bittern,  Ameriean,  youn^  of,  show- 
ing  fear  of  nmn   (illus.),   436; 

showing  no  fear  of  man  (illus.), 

43,5. 
Rlacksnake  (illus.),  43. 
Bla.stodenn.  22.S. 
Blastula,  22S. 

Blindness,  in  fishes  (illus.),  ISO. 
Blue  jay,  nestlings  of  (illus.),  442. 
liones,  homologies  of.  in  vertebrate 

hands    (illus.),    1(>9;     in    vertc*- 

bnite   limUs   (illus.),    170,    171, 

172. 
Hoyes^n.  M.  11,  4.')1. 
HrewtT.  W  ni.  201. 
Brittle  stars  (illus.).  1  I. 
HnK)ks.  W.  K..  l.r)7.  irw).  197.244. 
Budding.  npHKlurtion  by,  21.'). 
BufTon.     thi'ory     of     ))n>to))l:ismic 

structuH'.  '2'A). 
Bunil>lt>  Imm'  (illus),  .'is."»;  eonmunial 

lifr  of.  :is\. 
Burbarik.     L.,     SO.     IK).     91,     19.5; 


scientific  aspecta  of  his  wori. 
101. 
Butterfly  fish  (illus.),  420;  Mooaivh. 
metamorphoeis  of  (illus.),  235. 

Cactus,  hybrid  seedlings  of  (ilhis. , 

Calcolynthus  primigeniwi  (illus. ).  3S. 
Callorhinus    alascanuM,    family    of 

(illus.),  440. 
Calo(ar9a  inngnia^  showtni^  sprond- 

ary  sexual   characters  (ilhis  . 

74. 
Camponolua  (illus.),  991. 
Cankerworm  moth,  showinit  sexual 

dimorphism  (illus.).  222. 
Carchesium  sp.  (illus.),  34. 
Cardinalvt  VirginianuSf  diacnun  of 

variation  in,  136. 
Castantn  vesca,  variation  in  iraT«t 

of,  159. 
Castle.  W.,  192. 

Caterpillar,  panwitized  (ilbL**  .  .>«»> 
Cattle,  British  brco<Ls  of  (illu.«i  .  vi 
(^ropia  tnH»,  with  anti*  (ilhi>  .  -O^ 
Cell,    30;    egg,    224;    hssnm    nf.    m 

salamander  (illus.),  2.V>;  nwXt*- 

tic  divi^jion  of,  dc»scrilH»<i.  '2S^i 
Cells,  different  tyjx^  of  (illus    .  JV: 

sex.  21S. 
Cephalopods  (illu.«<.).  40. 
Cerntina  duf)ln,  nest  of  (illus.  .  ."^4 
CrnUium  (illus.).  207. 
Crrcopithfcus  (illus.).  44G. 
(^hrtotUm  i^agafmrui u.*  (illus  •.  4Ji* 
Characters,  ilhi.st  nit  ions  <»f  .Hojuin'ii. 

198;    inheritance    of    .•ir»|uin>l 

196;  st»comlar>'  sexual.  72. 
Cht»stnut,    variation    in     lfav«*>    i^f 

(illu.s.),  1.59. 
Child.  (\  M.,  2.52. 
Child,    with   six    toes   on    ea<-h    f««»i 

(illus.).  1  17. 
Chimpanz<N»,  finit,  skelettm  t»f  rt»ni- 

pannl  with  that  of  man  <  dlti'>    . 

4.5;^;    pl.in    of,    eom|ietr\ii    u:th 

that  of  man  Olhi^ -^  4.59. 
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Chipmunks  of  California,  classifica- 
tion of,  117;  (illus.),  118. 

Chronioflonics,  definiHi,  253. 

ChrynofHi,  vgfts  of  (illus.),  226. 

Cicada,  variation  in  tibial  spine's  of, 
134;  septenderem,  variation  in 
tibial  spines  of,  130. 

Cladonotus  humberiianus  (illus.), 
409. 

Classes  of  animals,  35. 

Classification,  determined  by  homol- 
ogies, 173;  of  animals,  33. 

Cleavage,  228. 

Coccidium  lUhobii^  life  cycle  of 
(illus.),  352. 

Coccidium  mnforme  (illus.),  216. 

Cock,  white-crested  black  Polish 
(illus.),  81. 

Cockerel,  silver-laced  Wyandotte 
(illus.),  82. 

Cockroach,  egg  case  of  (illus.),  340; 
showing  variation  in  number  of 
tarsal  segments  (illus.),  149. 

Color,  in  animals,  398;  in  organisms, 
how  produced,  403;  in  protec- 
tive resemblance,  400;  in  sexual 
selection,  400;  uses  of,  399. 

Coloration,  directive,  419. 

Colors,  warning,  416;  table  of  insect, 
405. 

Commensal  ism,  370. 

Conmiunism,  369,  385;  advantages 
of,  397;  basis  and  origin  of,  395. 

Conditions,  primary,  of  life,  38. 

Conjugation,  of  noctUuca  (illus.), 
220;  of  Vorticella  nebidifera 
(illus.),  221. 

Conklin,  E.  G.,  70,  199,  201,  203. 

Convergence  of  characters,  204. 

Cope,  E.  D.,  55,  197. 

CordycepSj  growing  on  a  caterpillar 
(illus.),  363. 

Com,  showing  results  of  hybridiza- 
tion, 194. 

Correns,  E.,  192. 

Coues,  E.,  24,  119. 

Crab,    fiddler    (illus.),    aS;    hermit. 


commensal  life  with  polyps 
(ilhis.),  373;  (illus.),  374;  meta- 
morphosis of  (illus.),  238. 

Cramer,  F.,  11. 

Cricket,  mole  (illus.),  344;  (illus.), 
345. 

Crotalus  adamanteus  (illus.),  16. 

Crustacea  and  their  larva  (illus.), 
365;  parasitic,  358. 

Cryplomeria  japonica,  atavistic  vari- 
ation of  (illus.),  160. 

Cucumaria  sp.  (illus.),  19. 

Cucumbers,  sea  (illus.),  19. 

Cuenot,  L.,  185,  191,  192. 

Cunningham,  J.  T.,  201. 

Cyanocitta  criMata,  nestlings  of 
(illus.),  442. 

Cycle  of  life,  240. 

Cydops,  maturation  in,  272;  matura- 
tion of  eggs  of  (illus.),  263. 

Cypaelttrus  (illus.),  335. 

CyriophyUus  crepitans  (illus.),  401. 

Dall,  W.,  197,  205. 

Darbishire.  W.,  192. 

Darwm,  C,  9,  22,  48,  60,  63,  67,  68, 
71,  76,  80,  137,  141,  196,  250, 
^,  466,  467,  468. 

Darwinism,  defined,  48. 

Davenport,  C.  B.,  192. 

Death,  241. 

Decapod,  showing  extraordinary  re- 
generation (illus.),  147. 

Deer,  head  of,  showing  variation  in 
horns  (illus.),  146;  horns  of, 
interlocked  (illus.),  438. 

Degeneration,  347;  by  quiescence, 
363. 

Delage,  Y.,  29,  46,  252. 

Descent,  theory  of,  10;  theories  ol 

control  of,  108. 
Determinants  of  Weismann,  251. 

Development,  224;  divergence  in, 
230;  embr>'onir,  227;  experi- 
mental, 244;  first  stages  in 
embryonic  (ilius.).  227;  of 
flounder  (illus.).  240;  of  Mon- 
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arch  butterfly  (illus.),  235;  of 
the  prawn  (ilhis.),  232;  of  silk- 
wonii  moth  (illu8.),  236;  of 
swordfish  (illus.),  239;  post- 
embryonic,  234;  significance  of, 
232. 

Devilfish  (illus.),  40. 

De  Vries,  H.  H.,  54,  111,  114.  146, 
187,  192,  193;  work  of,  on 
Oenotheras,  157. 

Diabrotira  soror^  apparent  determi- 
nate variation  in,  152;  frequen- 
cy polygon  of  variation  in 
(illus.), 152;  (illus.), 153;  (illus.), 
154;  variation  in  pattern  of 
(illus.),  134. 

Diapheromera  femorata  (illus.),  412. 

Dickinson,  Sidney,   65. 

Didelphys  virginiana  (illus.),  46. 

Dimorphism,  sexual,  221. 

Dimorphodon  macranyx,  restoration 
of  (illus.),  293;  (illus.),  294; 
(illus.),  2*)5;  (illu.s.).  296;  re- 
mains of  (illus.),  291. 

r>ischi4iia,  with  aiit  colonies  (illus  ), 
37S. 

Distribution,  googniphic,  309. 

Dog,  pointer  (illus.).  431. 

Dogs,  prairio  (illus.),  .*iS3. 

Douglas,  N.,  79. 

Dram  (illus.).  ;^X). 

Dragon,  flying  (illus.).  30f). 

l)n*j)ani(la\  classification  and  di.'*- 
tribution  of.  in  Hawaii,  124. 

Dricsch.  H..  27S.  279. 

l)u  Hois.  !•:.,  ir)2,  4(i4. 

Durigcn.  79. 

I)i/tirus,  fore  leg  of  male  (illus.),  73. 

liatrlc.  jjolden  (illus.).  44. 

Mars  of  apes  anti  man  (illus.).  174. 

lOarthwonn,  ri'generation  of  (illus.), 
2S4. 

Ka.strnan.  (\  W..  2<)2. 

h'rhitius,  clravage  in  calcium-fnN» 
w.'iter  (illus.).  2H():  fnirrotufn'r- 
cultttus,  ^a.strul.'i  of  (illus.)   279; 


microiuberculatuM,  nomuU  lana 

of  (illus.),  275. 
Ectoblast,  228. 
Egg  cell,  224;  of  ttca-urchin  (iUu»  '. 

248. 
Eggs  of  Chryaopa  (illus.).  22fi;  of 

various  animals  (illus.),  225. 
Eigenmann,  C,  179. 
Eimer,  T..  55,  197. 
Embryo,  human,  foot  of,  460. 
Emerson,  R.  W.,  452. 
Emery,  C,  394. 
Encasement  theory.  2,  249. 
Endoblast,  228. 
Epigenc^sLs,  276. 
Epigenetic  theory,  3. 
Eretmaschlys  imbricaia  (illu^.'>.  43. 
Ergates  sp.  (illus.).  41. 
Erynnis    manUoba^    distribiitioD  of 

(illus.).  310. 
Eutamia,  in  California,  claiwifiratiits 

of,  117. 
Evolution,    biologic,    i\\    c«v^inio.  ^ 

defnuHl,    1;    factors   ^^{.    ♦^.   v.. 

philosophy,  2;  I-iiinankian.  .V* 

mechanism  of.  4S:  ortli<ic»»net^. 

55;  Spencer's  definitimi   of.   ^. 

the  unknown  factors  of.  1  l.'i 
Existence,  stnigcle  for,  ru  ,  tki 
KxocatuK  (illus.),  33.5. 
Extra -ovates    of    Arinicia    « ilhi*   . 

28 1 . 
Eye,  human  (illus.),  44»2:  pin«-:il.  ^»' 

horntnl  t<»a<l  (illus  •.  176;  fnff-al. 

of  lizard  (illus.),  17.'i. 

F'actors.  extrinsic,  in  devel<»pn>»'f:t. 

24.');  intrinsic,  in  devflopnH!it. 

245;  the  unknown.  *>f  evi^lut.wi. 

115. 
F'auna.  316;  Hassalian.  32.'<;  liitor:*]. 

324;  iK'lagic.  323. 
?\HHling.  instincts  of.  4.32. 
FVrtilization    (illus.).    •2()7;     (ilhi.-* 

2(>S;   of  IVtromyzou   thiviaTM- 

(illus.).  219. 
Fishes,  adiiptations    uf.   X\2;    Ifhtui 
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(illus.),  180,  204;  flying  (illus.), 
335;  migrations  of,  340. 

Fish  louse  (illus.),  350. 

Fission,  reproduction  by,  213;  (il- 
lus.), 214. 

Fittest,  survival  of,  62. 

Flat  worn),  regeneration  of  (illus.), 
285;  (illus.),  286. 

Flounder,  development  of  (illus.), 
240. 

Flower  bug,  variation  in  pattern  of 
(illus.),  135. 

Flowers,  varieties  originated  by 
Burbank,  98. 

Focke,  192. 

Fol,  H.,  theory  of  protoplasmic 
structure,  ^0. 

Foot,  of  horse,  evolution  of  (illus.), 
177;  of  human  embryo  (illus.), 
460;  of  mammals,  hology  of 
digits  of  (illus.),  178. 

Forel,  A.,  394. 

Fossils,  17.  290. 

Fowls,  skulls  of  (illus.),  88. 

Friedenthal,  460. 

Frog,  male  carrying  eggs  on  back 
(illus.),  73. 

Galls  (illus.),  341;  (iUus.),  342. 

Galton,  F.,  165. 

GaMerosteus,  207;  cataphractus  (il- 
lus.), 209. 

Gastrula,  228. 

Gaudry,  A.,  298. 

Gauss,  141. 

Geddes,  P.,  1. 

Gel(utimu8  sp.  (illus.),  38. 

Ctenealogy  of  animals,  36. 

Generation,  211;  spontaneous,  42, 
212. 

Geography,  relation  of  species  to, 
311. 

Geology,  table  of  ages  of,  298. 

Georginey  variation  in  inflorescence 
of  (illus.),  161. 

Geranium,  improvement  in  (illus.), 
103. 


Germ  cells,  theory  of  the  purity  of, 

191. 
Gilbert,  C.  H.,  303. 
Gill  slits  of  vertebrates,  179. 
(Joethe,  W.  von,  1,  48,  163,  289. 
Gongylus  gongyloidea  (illus.),  415. 
Gonium  pectorale  (illus.),  34;  (illus.), 

261. 
Gorilla  (illus.),  456;  face  of  (illus.), 

457;  head  of  (illus.),  457;  young 

(illus.),  458. 
Gray,  A.,  197,  326. 
Gregarina  polynwrpha  (illus.),  216. 
Gregarinidae,  reproduction  in  (illus.), 

216. 
Gregariousncss,  380. 
Gni8  americana  (illus.),  20. 
Grosbeak,     cardinal,     diagram     of 

variation  in,  136. 
GryUoUUpa  (illus.),  344;  (illus.),  345. 
Gulick,  J.  T.,  123. 

Haase,  E.,  423. 

Haeckel,  E.,  32,  197,  289,  457,  463, 

464,  466,  467. 
Hair  covering   of   human   embryo 

(illus.),  174;  covering  of  Russian 

dog-man  (illus.),  174. 
Hawaii,  classification  and  distribu- 
tion   of    Drepanida*    of,    124; 

distribution  of  land  snails  of, 

123. 
Henneguy,  L.,  260. 
Henslow,  G.,  124. 
Heredity,    53,    163;    defined,    163; 

laws  of,  184;  Mendel's  law  of, 

187. 
Herlitzka,  279. 
Hermaphroditism,  223. 
Heron,  flying  (illus.),  24. 
Hertwig,  O.,  278. 
Heterogenesis,  54;  theories  of.  114; 

theory  of,  156. 
Hippodamia  convergens,  aberrations 

of,  130;  variation  in  pattern  of 

(ilhw.),  132;  (illus.),  133. 
Hog,  wild  and  domestic  (illus.),  89. 
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Holophrya  muhifiliiSf  reproducing 
by  sporulation  (illus.),  215. 

Homologies,  defined,  172;  of  bones 
in  vertebrate  hands  (illuaOi 
169;  of  bones  in  vertebrate 
limbs  (illus.),  160,  171,  172;  of 
digits  of  feet  of  mammals 
(illus.),  178;  of  tail  of  man,  179. 

Homo  sapiens,  454. 

Honey  bee  (ilhis.),  387;  brood  cells 
of  (illus.),  389;  communal  life 
of,  387;  pollen  carrying  leg  of 
(illus.),  388;  wing,  hooks  of 
(illus.),  155;  wings  of  drone, 
showing  variation  (illus.),  155; 
(illus.),  156. 

Hooker,  Th.,  65. 

Horse,  changes  in  foot  of,  in  geologic 
time  (illus.),  303;  evolution  of 
foot  of  (illus.),  177;  hybrid  of, 
with  zebra  (ilhis.),  183. 

Horsos,  trotting,  herc^lity  in,  168. 

HuIkt,  394. 

Human  cinhrj'o,  head  of,  showing 
rrnl)r>'onic  hair  covoringj (ilhis.), 
174. 

Hunioriis,  end  of,  of  various  animals 
(illiLs.),  462. 

Humming  bird,  male  and  female 
(illus.),  71;  Uufus,  nest  of  eggs 
of  (illu.s.),  441. 

Huxley,  7.  2'),  26,  64,  197,  309,  4*26, 
457,  459.  460,  468. 

Hyatt,  A.,  197. 

Hvhrid  colt  of  horse  and  zebra 
(ilhis.),  1S3. 

Hyl)ri<li/.ation,  SS,  1.54. 

Hlftlrn  rultjaris  (ilhis.).  3."). 

Ihjia  uffila  (illus.),  344. 

Icrrifo  purrhasi.  62.  (>l. 
Ichneumon    laying    ejjgs  in  ecK'CK>n 

(illus.).  :r>9. 
Ichth>/ophi,s  (flutirufsiis,  egjfs  carried 

i»y  (illus.).  3:iS. 
Icterus,  distribution   and  ehussifiea- 

tion    of    .\merican    sptries    of, 


128;  galbula,  diagram  of 
tion  in,  137. 

Idioplasm  of  Nageli,  251. 

Imbauba  tree  and  ants  (ilhis.),  379L 

Inchworm  (illus.),  411. 

Inheritance,  exceptions  to  Meodet- 
ian,  193;  experimental  sUidici 
of,  192;  (jalton's  law  of  an- 
cestral,  184;  modes  of,  181.  \%; 
of  acquired  characters,  196. 

Insects,  parasitic,  359;  special  adap- 
tations of,  340. 

Instinct,  426. 

Instincts,  cHmatic,  436;  cnviroo- 
mental,  438;  of  care  of  younc 
439;  of  courtship,  438;  of  Re- 
production, 439;  terrifjing.  431 ; 
variations  in,  442. 

Intellect,  443. 

Islands,  relation  of  species  to.  312. 

Isolation,  5.3;  biologic,  109;  e»"o- 
graphir,  54.  117;  phy.-^ii'lticr. 
54;  sexual,  54. 

Jack  rabbits,  showing  variation    il- 
lus.), 320. 
Jennings,  H.  S.,  429. 

Kallima  (illus.),  414. 
Kangaroo  (illus.),  339. 
Karyokinesis,  details  of.  cxpUinfd. 

253. 
Katydid  (illus.),  401. 
Keelcr.  (\,  420. 
Kelvin,  Ixinl,  44. 
Korschinsky,  11.,  Ill,  114.  l.V». 

Lacerin,  diagram  showing  \.»rLv 
tion  in  different  spcci<»s  of.  |.?i» 

Lacrrta  a//i7i.«»,  n^eneration  i4  il- 
Iu.k).  2S<i. 

I^dybinl.  -\u.stndian  (illus.  ^  62.»V4, 
lMN'tU»s  (illus.),  416;  convenr»*nt 
variation  in  frnttem  of  (illu<  . 
1.T2;  (ilhis.^  133. 

Uiman*k.  48,  55,  111,  196;  evtJo- 
tionar>'  principle  of,  196. 
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l4ainaiTki8in,  111. 

I^iikivUT,  197. 

Laverari,  352. 

I^ws,  of  science,  9. 

Lecanium  olea  (illus.),  .%6. 

Lemur  fitrcifer  (illiis.),  455. 

LepoM,  metamorphoHitf  of  (illus.), 
234. 

I^pomis  megalotU  (illus.),  17. 

Leptodcra  ht/alinaf  showing  sex 
dimorphism  (illus.),  224. 

Leplothorax  emeraonif  nest  of  (illus.), 
393. 

LepuSf  species  of,  showing  difTer- 
ences  (illus.),  320. 

Lerema  accius,  distribution  of  (il- 
lus.), 310. 

Lemacera  (illus.),  359. 

Life,  duration  of,  240;  its  physical 
basis,  25;  origin  of,  42;  simplest 
expression,  25. 

Lilies,  Burbank's  work  with,  100. 

Lily,  improved  seedling  with  two 
petals  (illus.),  100. 

Lina  lapponica  (illus.),  194. 

Linckia,  regeneration  of  (illus.),  284. 

Linmeus,  14. 

Lizard,  common  (illus.),  18;  pineal 
eye  of,  175;  regeneration  of 
(illus.),  286;  walking  (illus.),  22. 

Lizards,  diagram  showing  variation 
in,  139. 

Locust,  on  sand  (illus.),  401;  red- 
legged,  variation  in  tibial  spines 
of,  133;  (illus.),  136;  seventeen- 
year,  variation  in  tibial  spines 
of  (illus.),  136. 

Locusts  of  Galapagos  Islands,  show- 
ing variation  (illus.),  313. 

Loeb,  J.,  280,  428,  429. 

Ijoligo  pealii  (illus.),  40. 

Lophortyx  calif omicus  (illus.),  15. 

Lucas,  428. 

Lyell,  C,  80. 

Macfarland,  F.  M.,  253. 
Macrapus  rufua,  339. 


Malaria,  parasite  producing,  352. 

Malthus,  67,  68;  law  of,  67. 

Manunoth,  drawing  of,  on  ivory 
(illus.),  307. 

Man,  earliest  traces  of,  ^^07,  464; 
embryology  of,  460;  foot,  skele- 
ton of,  compared  with  that  of 
chimpanzee  (illus.),  453;  gene- 
alogy of,  466;  Leanderthal,  re- 
mains of  (ilhis.),  465;  place  in 
nature  of,  451;  plan  of,  com- 
pared with  chimpanzee  (illus.), 
459;  profiles  of  crania  of 
primitive  types  of  (illus.),  466; 
races  of,  454;  Russian  dog,  hair 
covering  of,  175;  skull  of,  com- 
pared with  skull  of  orang-utan, 
(illus.),  452;  from  Spy,  skull  of 
(illus.),  466;  structure  of,  453; 
teeth  of,  compared  with  orang- 
utan (illus.),  454;  vestigial 
structures  in,  461. 

Man  and  apes,  ears  of  (illus.),  173. 

Mantis,  praying,  eating  grasshopper 
(illus.),  61. 

Marshall,  G.,  418,  419,  423,  424. 

Mating,  cross,  186. 

Maturation  in  cyclops,  272;  of  egg  of 
Cyclops  (illus.),  263;  (illus.), 
265. 

Mayer,  A.,  79. 

McCook,  H.,  394. 

McCracken,  I.,  192;  experimental 
work  in  heredity,  194. 

McCulloch,  O.  C,  369. 

Mechanism,  276;  versus  vitalism, 
246. 

Afelanerpes  formicivarus  bairdii, 
acorns  deposited  in  tree  by 
(illus.),  432;  (illus.),  434. 

Melanopius  femur-ruhrum,  variation 
in  tibial  spines  of  (illus.),  136. 

Melaphase,  defined,  254. 

Mendel,  G.  J.,  187;  experiments  in 
heredity,  182. 

Mercuriaiis  annua,  variation  in 
leaves  of  (illus.),  159. 
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Merriara,  C.  H.,  117. 
Metamorphosis,    235;    of    barnacle 

(illus.),  234;  of  crab  (illus.),  238; 

of  Monarch   butterfly   (illus.), 

235;  of  silkworm  moth  (illus.), 

236;  of  toad  (illus.),  237. 
Micelke  of  Xageli,  251. 
Microzymes  of  Bechamp,  250. 
Mid-parent  of  Galton,  165. 
Mimicry,  421. 
Mind,  448. 

Mite,  itch  (illus.),  363. 
Mitosis,  252;  details  of,  described, 

253. 
Moenkhaus,  89. 

Molecules,  organic,  of  BufTon,  250. 
Monkey  (illus.),  446. 
Morgan,  146,  157. 
Mousefish  (illus.),  410. 
MuUcr,  F..  408. 
Mutation.  54,  131, 147, 187;  de  Vries 

th(H)r>'  of,  114. 
Mutilations,  not  inherited,  202. 
Myrnieoophily,  372. 
Myrmica  ficabri nodes,  nest  of  (illus.), 

393. 
M yzostoma  glahrum,  fertilization  of 

egg  of  (illus.),  2G7. 

Niigeli,  47.  5.'>.  Ill,  197;  theor>'  of 
protoplasmic  stnicture,  2.')!. 

Narrirw  hrasi  I  tenuis  (illus.),  334. 

Xeo-Darwiiiisin.  197. 

Neo-Laiiiarckisin.  197. 

Newbigin.  .M.  I.,  .ms. 

New  Zealand.  j)lagues  of.  (i.'). 

Xoiiilurn,  eonjuijation  of  (illus.), 
220. 

Xonif  us,  eoiniiien.sjil  life  with  Phy- 
sdlid  (illus. ),  372. 

XuiiiIht  of  young.  22.'>. 

\yrtrribia  (illus.),  3*)1. 

Octopus      (illus.).      40;      punctatus 

(illu.**.).  40. 
(Erutthtrn    Ldttmrckinna,    de    Vries' 

work  on,  l.">7. 


Oncorhynchus  UhatfUcha,  egg>Uyiiif: 
of,  59. 

Ontogeny,  21 1,  224;  facto»  in,  244; 
first  stages  of  (illus.),  227. 

Oogenesis,  264. 

Opossum  (illus.),  46. 

Opuniia,  hybrid  seedlings  of  (iUuil  <. 
98. 

Orang-utan  baby  ( illus.  K  453. 
skull  of,  compared  with  skull  I'f 
man  (illus.),  452;  teeth  of.  ctuit- 
pared  with  man  (illus.).  4.>4 

Oi^ganisms,  geologic  age  of  groups  uf. 
299;  simplest.  32. 

Oixans,  vestigial.  174. 

Oriole,  Baltimore,  diagram  t»f  varia- 
tion in,  137. 

Orioles,  distribution  and  clatMiftra- 
tion  of  American.  128. 

Omithotornus  sutariws,  nest  of  vil- 
lus.), 444. 

Orthogenesis,  113. 

Ortinann,  .\.  E.,  lOS. 

Osborn,  H.  F.,  115.  '203. 

().st racodenn  (illus.).  'M\,^. 

Ostrich,  African  (illus.  >.  4.5. 

Ovocyte,  defiru'd,  2t)4. 

Ovogonium,  defintni,  2<»4. 

Oxytricha  jaUax,  rea<*ting  to  o^d 
(illus.),  42S. 

Packarxl,  A.  S.,  197.  2l»7. 
Payurus  berrOuirdus  (ilhi.'»  •.  374 
Paiwntolog}'.  2S9. 
Palo  Alto,  stock  fann  of.  li^:^ 
I*nruiorii\a  sp.  (illus.).  .Vi. 
Pangenesis  of  genunules  of  I  hirw  ir- 

2.")(). 
Pa  pi  Ho  rres  phonies.  lar\'a  of  i  ill  i* 

322;  chr>*.salid  (»f  (illus    .  M^J 
Paramaciufti  aurelia  (illus.:.  Xl.  n- 

pnxluction  of,  2U>. 
Panisites,  extenial,  34S;  f;»cultativ'- 

349;     intenml,     34S;     nbltif:«t. 

3  49;    jxTmanent,    349;    tetnj*.- 

rar>'.  349. 
Panisitism,  347. 
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Parthenogenesis,  215;  artificial,  283; 

variation  in  animals  produced 

by.  l.W. 
Pasteur,  13. 

Pattern,  in  animals,  398. 
Pearson,  Karl,  185. 
Pelecanus    erythrorhynchuH    (illus.), 

20. 
Pelican,  brown  (illus.),  329;  white 

(illus.),  20. 
Peneus  potimirium^  development  of 

(illus.),  232. 
Pcronea  criMana,  variation  in  wing 

pattern  of  (illus.),  148. 
Petromyzon  fluviatUin^   fertilization 

of  (illus.),  219. 
Phaneun  merieanus  (illus.),  72. 
Pheasant,  Argus,  male  and  female 

(illus.),  75. 
PhUgethontius    Carolina^    larva    of 

(illus.),  418. 
Phrynosoma  blainevillei,  pineal  eye 

of  (illus.),  176. 
Phyla,  of  animals,  33. 
PhyUium  (illus.),  413. 
Phyliopteryx  (illus.),  415. 
Physalia^  commensal  life  with  No- 

meus  (illus.),  372. 
Ph3r8iological  units  of  Spencer,  250. 
Piddock  (illus.),  39. 
Pigeons,  races  of  (illus.),  87. 
Pimpla  conquisUor^  laying  eggs  in 

cocoon  (illus.),  359. 
Pipa  atnericana  (illus.),  43. 
Pipefish  (illus.),  415. 
Pithecanthropus  erertus,  462;  remains 

of  (illus.),  463;  (illus.),  464. 
Planaria  luguhris,   regeneration  of 

(illus.),  285;  (illus.),  286. 
Plants,    living    symbiotically    with 

animals,  376;  number  of,   16; 

parasitic,  362. 
Plate,  L.,  77. 
Plateau,  424. 
Plum  and   its  parent   (illus.),   93; 

plumcot,  types  of  (illus.),  92; 

seedlings  from  (ilhis.),  92. 
82 


Plums,  Burbank*s  work  with,  92. 

Podocoryne  camea  (illus.),  373. 

Polar  bodies  (illus.),  270. 

Polyp,  fresh  wat«r  (illus.),  35. 

Polyps,  commensal  life  with  her- 
mit crab  (illus.),  373;  (illus.), 
374. 

Poppies,  Burbank's  work  with  (il- 
lus.), 99. 

Potato,  Burbank,  91,  92. 

Poulton,  E.  B.,  408,  419,  423,  424. 

Prawn  (illus.),  365;  stages  in  de- 
velopment of  (illus.),  232. 

Preformation,  276;  theory,  249. 

Prenatal  influences,  167. 

Prt»ssure  of  atmosphere  in  relation  to 
animal  life,  40. 

Primates,  454;  classification  of,  455. 

Primroses,  evening,  de  Vries*  work 
on,  157. 

Prophase,  defined,  254. 

Protista,  32. 

Protophyta,  32. 

Protoplasm,  chemistry  of,  27;  phys- 
ical structure  of,  28,  247. 

Protozoa,  32;  parasitic,  354;  re- 
production of  colonial,  216. 

Pterophryne  huttrio  (illus.),  410. 

Pterichlhyodes  mUleri  (illus.),  305. 

Pygosteus,  207. 

Pyrus  japonica,  seedlings  of  (illus.), 
95. 

Quadrumana,  458. 
Quail,  California  (illus.),  15. 
Quetelet,  140,  141. 
Quince,  Japanese,  seedlings  of  (il- 
lus.), 95. 

Radl,  E.,  428. 

Raja  binoculata^  egg  case  of  (illus.), 

337. 
Rambur,  13,  14. 
Rat,  kan&:aroo  (illus.),  13. 
Rattlesnake,  diamond  (illus.),  16. 
Realm,  arctic,  318;  Australian,  322; 

holarctic,  319;  lemurian,  322. 


486 


INDEX 


neo-tropical,  321;  paleo-trop- 
ical,  321;  Patagoiiian,  3*22. 

Realms,  geographic  organisms,  318. 

Reason,  443. 

Recognition  marks,  420. 

Record,  Zoological,  14. 

Redfield,  C,  106. 

Reflexes,  426. 

Regeneration,  285;  of  blastula  of  sea- 
urchin  (illus.),  287;  of  earth- 
worm (illus.),  284;  of  eye  of 
triton  (illus.),  287;  of  flat  worm 
(illus.),  285;  (illus.),  286;  of 
Hydra  viridis  (illus.),  282;  of 
lizard  (ilhis.),  286;  of  starfish 
(illus.),  283;  of  Stenlor  cceridevs 
(illus.),  282. 

Remora,  commensal  life  with  shark 
(illus.),  370. 

Reproduction,  by  budding,  215;  by 
sporulation,  215;  excess  in,  58. 

Resemblance,  general  protective, 
406;  special  protective,  411; 
variable  protective,  407. 

Reversion,  166. 

Rhizobius  venlrnlis  (illus.),  366. 

Hhodites  rosa\  galls  produced  by 
(illus.),  341. 

Robinson,  L.,  461. 

Rocks,  sedimentary,  how  deposited, 
293. 

Romanes.  CI.,  109,  4(>1. 

Roux,  W.,  70. 

Ruckert,  272. 

SarcuHna     (illus.),     365;     rarcinus, 

parasite  of  crab  (illus.),  358. 
Salamander,  blunt-nosed  (illus.),  20; 

coll  fhssion  of  (illus.),  255. 
Salix  auriiax     purpurea,   variation 

in  stamens  of  (illus.),  160. 
Sahno  irideus  (illus.),  343. 
Salmon,  quinnat,  egg-laying  of,  59. 
Saltation,  54. 
Samia   ceanothi,  cocoon  of  (illus.), 

332. 
Sarcoptcs  scabci  (illus.),  363. 


Scale,  black  (ilhis.),  366;  cottony 
cushion,  62,  64. 

Sceloporus  undulcUus  (illus.),  18. 

SchafThausen,  46,  464. 

Schistocercaf  species  of,  from  Gala- 
pagos Islands,  showing  varia- 
tion (illus.),  313. 

Schmidt,  P.,  346. 

Scorpion  (illus.),  331. 

Skulls  of  two  breeds  of  fowls  (illus.), 
88. 

Scuiellvda  cyanea  (illu.s.),  366. 

Sea  anemone,  anatomy  of  (illus.), 
36. 

Seal,  fur,  family  of  (illus.),  440; 
killed  by  parasitic  worm  (illus.), 
357. 

Sea-urchin,  egg  cell  of  (illus.),  248; 
larva  of  (illus.),  275;  regenera- 
tion of  blastula  of  (illus.),  287. 

Segregation,  53. 

Selection,  artificial,  51,  80;  artifici&l, 
its  relation  to  evolution,  106; 
claimed  importance  of,  50; 
natural,  57;  sc^xual,  51,  57,  71; 
sexual,  criticisms  of,  77;  sexual, 
experimental  stiige  of,  79. 

Selenka,  460. 

Self-defence,  instincts  of,  433. 

Semper,  C,  131. 

Separation,  53. 

Serpent  star  (ilhis.),  14. 

Scrphus,  carrying  eggs  (illus.).  340. 

Sex,  211,  220;  cells,  218;  detennimi- 
tion  of,  170. 

Sexes,  numerical  relations  of,  170. 

Sexual,  secondary  characters,  72. 

Sheep,  artificial  selection  of,  SI; 
Dorset  (illus.),  83;  Merino  (il- 
lus.), 85;  polled  WeL*h  (illus.). 
83;  Rocky  Mountain  (illusi. 
382;  Southdown  (illus.),  84. 

Shelford,  423. 

Silkwonn  moth,  development  of 
(illus.),  236. 

Silkworms,  experimental  rearing  of, 
150. 
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»Si7»yi,  carmen,  107. 

8kute,  egg  caac  of  bam  door  (illu8.)i 

sao. 

Slime  mold  (illus.),  32. 

Siuiilfl,    distribution    of    land,    of 

Hawaii,  123. 
Solmof}&M  fuga^  nest  of  (ilhui.),  392. 
SiH'ciM,  changing  with  sfHico  and 

time,  18;  OHtimato  of  duration 

of,  302;  numl)er  of,  14;  onto- 
genetic, 114. 
8p(K*iec»-fonning,  117;  by  saltations, 

15fl;  various  theories  of,  108. 
Spencer,  Herl>ert,  5,  196,  197,  198; 

definition  of  evolution, 5;  theory 

of  protopljwmic  structure,  250. 
Spennatogenesis  of  ascaria  (illus.), 

264. 
Spemiatosoa  (illus.),  218. 
Spermatozoan,      development      of 

(illus.),  266. 
Spermatozoid,  261. 
Sf)har€chinun  AV/iiniw,  hybrid  larva 

of  (illus.),  277;  hybrid  pluteus 

of  (illus.),  280. 
Spharechinus    granulans,     heating 

lar\'a  of  (ilhw.),  279;   lithium 

gastrula  of  (illuH.),  279;  lithium 

larva  of  (illuK.),   278;    nonnal 

larva  of  (illu.<*.),  275. 
Sphenodon,   pineal   eye   of   (illus.), 

175. 
Spider,  nest  of  trap  door  (illus.), 

346. 
Sponge,  simple  (illus.),  36. 
Sports,  1S6;  exampU>s  of  race  formeii 

from,  161;  8|H.H.*ies  arit^ing  fnmi, 

107. 
S|)orulation,  repro<luction  by,  215. 
S<iuid  (illus.),  40. 
Stamens   of   willows,    variation   in 

(illus.),  160. 
Stanfonl,  I.Hand.  lO.'i. 
Starfish,     n>ueneration    of    (ilhis.), 

283;  walking  (illus.),  23. 
Starks,  K.  C,  303. 
Stentur  carulcus   (illus.),   282;    re- 


acting   to    light    (illus.),    430; 

rc^producing  by  fission  (illus.), 

215. 
Stickleliacks    (illus.),    209;     onto- 

gonetic  variations  in,  207. 
Sting-ray  (illus.),  333. 
Structures,    conveiigenco    of,    204; 

parallelisms  in,  204. 
Struggle  for  existence,  57,  60. 
Stntthio  camelus  (illus.),  45. 
Sunfish,  long-eared  (illus.),  17. 
Survival  of  the  fittest,  62. 
Swift,  common  (illus.),  18. 
Swonifish,  development  of  (illus.), 

2;i9. 
Symbiosis,     373;     of    plants    and 

animals,  37(i. 
SifngamuH  trarhralU  (illus.),  223. 
Syst^ma  Xatura;,  14. 

Tifnin  BoHum  (illus.),  355. 

Tail  of  man,  hology  of,  179. 

Tailor  bird,  nest  of  (illus.),  444. 

Tapewonn  (illus.),  355. 

Tarsal  segments,  variation  in,  cock- 
roach (illus.),  149. 

Taxis,  2S2. 

Taylor,  Hayard,  163. 

Teeth  of  man  and  orang-utan  com- 
parted (illus;),  454. 

Telegony,  166. 

Telophase  definiKi,  256. 

Tein{x.*rature  in  relation  to  animal 
life,  38. 

Tennitophily,  372. 

Termites,  castt»s  of  (illus.),  395; 
communal  life  of,  394. 

Terrifying  app«»arances,  418. 

Thalensa  (illus.),  MM  ;  (illus.),  362. 

Theory,  transmutation,  of  I.Amarck, 
111. 

Timothy,  heads  of,  improved  by 
selt»cticm  (illus.),  91. 

Tojid  (illus.),  344:  honieii,  pineal 
eye  of  (illus.),  176;  metamor- 
phosis of  (illus.).  237. 

Toliacco  wonn  (illus.),  418. 
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Toes,  variation  in  number  of  (illus.)» 

147. 
Torpedo  (illus.)»  334. 
Tower,  W.  L.,  404. 
Toxopneustes    libiduSf    egg   cell    of 

(illus.),  248. 
Toyama,  192. 
Trembley,  Abb^,  286. 
Tremex  columba  (illus.),  362. 
Trial  and  theory  of  behavior,  430. 
Trichia  favaginea  (illus.),  32. 
Trichina  spiralis  (illus.),  356. 
Trimen,  408. 
Triton^     regeneration    of    eye    of 

(illus.),  287. 
Trochilus   rufxis,    nest    of   eggs   of 

(illus.),  441. 
Tropisni,  282;   theory  of  behavior 

by,  428. 
Trout,    ontogenetic    variations    in, 

208;  rainbow  (illus.),  343. 
Tschcmiak,  192. 
Tunicate  (illus.),  ,'^)1. 
Turner,  L.  J.,  39. 
Turtle,  hawk  bill   (illus.),  43;  with 

two  heads  (illus.),  140. 
Twig,  ins<»et  (illus.),  412. 
Two  Oeean  Pass  (illus.),  317. 
Types  of  animals  (illus.),  31. 

Uexkull,  42.S. 

Cnrinaria,  parasite  of  wals  (illus.), 

Tnity,  in  life.  12.  '2'2. 
I'rolophus  (jihhH  (illns. ).  '.VX\. 
Us<»  and  disuse,  effects  of.  2<M). 

Variation,  LSI;  cun-es  of  (illus). 
14();  Darwin's  l:iws  of.  1.S7; 
detenninate,  !.">();  detenninate, 
appan'iit  example  of.  l.")2;  onto- 
p'lietic,  in  sticklebacks.  207;  \\\ 
partheno^enetic  animals.  l.V); 
(^ueti'let's  law  of,  141;  in  winijs 
of  honevlMN' (ill\is. ).  1  ").'>;  (illns). 

X'ariations,  ac<|uire<l,   142;  conjjeni- 


tal,  142;  continuous,  146;  db- 
continuous,  146;  in  fuoctioa, 
19;  meristic,  148;  subntanthre, 
147. 

Variety,  in  life,  12. 

Vedalia  cardinalis  (illus.).  62,  64. 

Vegetables  originated  by  Burfasnk, 

Vertebrates,  earliest  remains  of.  305; 

gill  sUts  of,  179. 
Vespa  (illus.),  385;  ^ermanica,  van- 

ation  in  pattern  of  (illu^.^.  IM. 
Vespa,  nest  of  (illus.),  328.  3S6. 
Vestigial  organs,   174;   pxpUnatioD 

of,  181;  vestigial  struct  urn  in 

man,  461. 
Vitalism,   276;   versus   mechanism. 

246. 
Volvocin<Bf  reproduction  in.  217. 
Von  Kolliker,  111,  114.  156 
VortireUa  nehulifera    conjuiration  <»f 

(illus.).  221. 
\ '  uljyea     })en  n.syhn  n  ir u.^     d  n/.  nttV  •* « 

(illus.),  21. 

Wagner.  M.,  108,  117. 

Wallace,  \.  R.,  76,   KkS.   197.  Ml 

319,  402. 
Walnuts.    Burbank'*   work    (illii> 

96;  (illus.),  97. 
Warblers,  yellow,  distribution  :%r-A 

classification  of,  120. 
Wit.smann,  E.,  .'194. 
Wxsp,  social  (illus.).  .'iKfi:  vanaT>.»' 

in  pattern  of  (ilhi««. ».  \:\A 
Wa.s|xs,  conuuunal  life  of.  .'is."»;  .-mwm 

nest  of  (illus.).  .T2S. 
Water  bug,  giant  (illus.),  'AM^ 
Wei.smann,   \.,  (>S,    1.51.    197.    1'*^ 

423,  425;  th(H>r>'  of  protopLa.*^.  • 

stnictUH'.  251. 
Wesley.  J..  452. 
Wheeler.  W.  .M..  424. 
WluM'ler.  W.  W..  394. 
Whitfonl.  ('.  B..  UVS. 
Wh(H)ping  crane  (illus.),  20. 
WitHiersheim,  175,  461. 
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Wiesner,  theory  of  protoplasmic 
structure,  250. 

WillowH,  variation  in  MtainoiM  of 
(ilhis.),  100. 

Wibon,  E.  B.,  125,  126,  279. 

Wing  hooks  of  honey bt»e  (ilhiM.), 
J55. 

Wings  of  a  drone  honeybee,  show- 
ing variation  (illus.),  155;  (il- 
lus.),  156;  of  animals,  analogies 
in,  J 73;  variation  in  pattern  of, 
in  Pentnea  critttana,  148. 

WirUhemia  4-puHtulata  (illus.),  348. 

Wcxxipecker,  (^alifoniia,  aeonis  d«»- 


poeited  in  tree  by  (illus.),  432; 

(illus.),  434. 
Worms,  parasitic,  354. 
Wyiimn,  J.,  461. 

XtfroptnjUum  tnmile  (illus.),  409. 

Youatt,  80. 

Zebra,  hybrid  of,  with  hors«\  183. 
Zirptitni  cruipata  (illus.),  39. 
Zo('>geography,  309. 
Zoya,  279. 
ZurStnuwen,  ().,  279. 
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By  Abram  Van  Eps  Young.  Ph.  B.,  Norihirestem 
University,  Evanston,  111.  95  cents.  With  Experiments, 
3i.io.     Laboratory  Experiments  separately,  45  cents, 
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FROR  JOSEPH  LE  GONTE'S  BOOKS. 


The  ComparatiTe  Physiology  and  Moiphologs 
of  Animals. 

Dlttscnted.     iimo.     Cloth,  $1.00. 

The  work  of  Darwin  on  the  derimtkm  of  spedct  and  the  <leKctic  of  mat 
•wakened  a  new  interest  in  the  lower  animab,  and  furnished  additional  evidence 
of  their  dote  kinship  with  ourtdvet.  A  firesh  field  of  study  was  thu^  opened 
op,  embracing  the  likenesses  and  differences  of  action  as  well  as  scructure  ionnd 
throughout  the  animal  kingdom.  In  thu  work  Professor  Lc  Conte  p<c*  us, 
in  his  well-known  clear  and  simple  style  and  with  the  ud  of  numerous  illustra- 
tions, an  interesting  outUne  of  these  amibrities  and  variations  of  function  as 
displayed  among  the  various  classes  of  animals  from  the  lowctt  to  the  highfii, 
man  included. 

Religion  and  Science. 

A  Series  of  Sunday  Lectures  on  the  Relation  of  Natura]  and 
Revealed  Religion,  or  the  Truths  revealed  in  Nature  and  Scripture. 
i2mo.      Cloth,  $1.50. 

Elements  of  Geology. 

A  Text-Book  for  Colleges  and  for  the  General  Reader.  With 
new  Places,  new  Illustrations,  new  Matter,  fully  revised  to  date. 
8vo.      Cloth,  $4.00. 

Sight. 

An  Exposition  of  the  Principles  of  Monocular  and  Binocular 
Vision.  With  Illustrations.  Second  edition.  No.  31,  Jn:er- 
.lacional  Scientific  Series.      i  zmo.      Cloth,  $1.50. 

Evolution  and  its  Relation  to  Religious  Thought. 

Revised  edition,      i  zmo.      Cloth,  51.^0. 
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New  Edition  of  Professor  Huxley*s  Essays. 

Collected  Essays. 

By  Thomas  H.  Huxley.  New  complete 
edition,  with  revisions,  the  Essays  being 
grouped  according  to  general  subject.  In 
nine  volumes,  a  new  Introduction  accom- 
panying each  volume.  i2mo.  Cloth,  $1.25 
per  volume. 

Vol. 

I.  Methods  and  Results. 
II.  Darwiniana. 

III.  Science  and  Education. 

IV.  Science  and  Hebrew  Tradition. 
V.  Science  and  Christian  Tradition. 

VI.  Hume. 

VII.  Man's  Place  in  Nature. 
VIII.  Discourses,  Biological  and  Geological. 
IX.  Evolution  and  Ethics,  and  Other  Essays. 

**  Mr.  Huxley  has  covered  a  vast  variety  of  topics  during 
the  last  quarter  of  a  century.  It  gives  one  an  agreeable  surprise 
to  look  over  the  tables  of  contents  and  note  the  immense  territory 
which  he  has  explored.  To  read  these  books  carefully  and 
itudiously  is  to  become  thoroughly  acquainted  with  the  most 
advanced  ihcight  on  a  large  number  ot  topics." — Aiftr  T^rl 
HerM, 
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HERBERT  SPENCER'S  WORKS. 


Essays :  Scientific,  Political,  and  Speculatfre. 

A    New    Edition,  uniform  with   Mr.   Spencer's  othei 

Works,  including  Seven  New   Essays.      Three    volumes. 

i2mo.     1,460  pages,  with  full  Subject  Index  of  24  pages. 

Cloth,  |6.oo. 

These  essays  are  devoted  to  the  entire  range  of  subjects  cohered  in 
Mr.  Spencer's  numerous  works,  and  embrace  the  soaal  and  political 
sciences,  education,  and  many  other  pertinent  topics  of  general  interesL 

Descriptive  Sociology. 

A  Cyclopaedia  of  Social  Facts.  Representing  the  Con- 
stitution of  Every  Type  and  Grade  of  Human  Society,  Past 
and  Present,  Stationary  and  Progressive.  Eight  numbers, 
royal  folio. 

Na     I.  ENGLISH    I4  00 

II.    MEXICANS.    CENTRAL     AMERICANS.    CHIB- 

CHAS,  AND  PERUVIANS 4  00 

IIL   LOWEST      RACES,      NEGRITO      RACES,      and 

MALAYO-POLYNESIAN    RACES 400 

IV.   AFRICAN    RACES 400 

V    ASIATIC   RACES 400 

VL   AMERICAN   RACES 4  «> 

VIL   HEBREWS  and   PHCENICIANS  400 

VIIL   FRENCH   (Double  Number) 700 

The  Induction  of  Ethics. 

The  Ethics  of  Individual  Life,  Parte  II  and  III  of  The 
Principles  of  Ethics.     One  volume.     lamo.     Cloth,  $1.25. 

Philosophy  of  Style. 

i2mo.     Flexible  cloth,  50  cents. 
D.    APPLETON    and    COMPANY,    NEW    YORK 


BOOKS  BY  CHARLES  DARWIN,  U-D,  F.R.S. 

Orifla  of  Speciei  bj  Meuia  of  Nktur^  Selection ;  or.  The 
I'rescrvatiou  of  Favored  Ric«  in  the  Slriiggle  for  Lilc.  Fiom 
lixlh  and  lul  London  edilivo.     3  voU.     iiroo.    Clotli,  %^  oa 


the  Voyage  of  H.  M.  S.  ■'  Beagle."  Map*  and  loo  Viewi,  chiefljr 
from  ikelchtfS  by  R.  T.  I'ritchett.  Svo.  Clolh,  ts-oa  AImj 
popular  edil.on.     tsmo.    Clolh,  93.00. 

The  Struaurr  ani  Distribution  of  Coral  Reef*.      Baud  on 

ObservBtiohx  made  during  the  Viwage  of  the  "  fleagle."    Cbatti 

and  llluilraiioiu.     lamo.     Cloth,  |i  ool 
Geolosiul    OhservBtioni   on   Ihe  Volcanic   hlands  and    Fartt  of 

South  America  visited  during  Ihe  Voyage  of  Ihc  "  Beagle."     Map* 

and  Utustralioiia.     i2roo.    Ctoth,  I2.50. 

Lower  Aninali. 


Insect  1*0 toua  Plant*,    lamo.    Cloth,  la.o 


The  Formation  of  Veptable  Mould  through  the  Action  ol 
Worms,  with  Ob<ieTvationi  on  (h«r  Habits.  Illuslmlkint. 
i2rao.     Clolh.  »i.so. 
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SPENCER'S  SYNTHETIC  PHILOSOPHY. 

)2ino»  clothe  $2.00  per  vohsme. 

JV£W  EDITION  OF 

F'irst  Principles. 

By  Herbert  Spencer.      New  and  revised  (sixth)  edition  of  the 
first  volume  of  the  author's  Synthetic  Philosophy. 

This  fundamental  and  most  important  work  has  been  changed  ie 
substance  and  in  form  to  a  considerable  extent,  and  largely  rewritten 
and  wholly  reset.  It  is  now  forty  years  since  the  author  began  the 
"  First  Principles,"  and  its  presentation  in  this  definitive  form,  with 
the  author's  last  revisions,  is  an  event  of  peculiar  interest  and  conse- 
quence. While  experience  has  not  caused  him  to  recede  from  the  gen- 
eral principles  set  forth,  he  has  made  some  important  changes  in  the  snb- 
stance  and  form.    His  amendments  of  matter  and  manner  are  now  final 

The  contents  of  the  several  volumes  of  the  series  are  as  follows: 

1.  First  Principles.     I.  The  Unknowable.     II.  The  Knowsble. 

2.  The  Principles  of  Biology.     Vol.  i.    I.  The  Data  of  Biology. 

II.  The  Inductions  of  Biology.     III.  The  Evolution  of  Life. 

3.  The  Principles  of  Biology.     Vol.  2.    IV.  Morphological  Devel- 

opment.    V.  Physiological    Development.     VI.   Laws  of  Mul- 
tiplication. 

4.  The    Principles    of   Psychology.      Vol.  x.      I.  The    Data   ol 

Tsychology.     II.    The  Inductions  of  Psychology.     III.  General 
Synthesis.     IV.  Special  Synthesis.     V.   Physical  Synthesis^ 

5.  The  Principles  of  Psychology.     Vol.  2.    VI.  Special  Analy^^ls. 

VII.  General  Analysis.     VIII.   Congruities.     IX.  Corollaries 

6.  The  Principles  of  Sociology.     Vol.  i.     I.  The  Data  of  n»vi- 

ology.     II.  The  Inductions  of  Sociology.     III.  The   I>omestic 
Relations. 

7.  The  Principles  of  Sociology.     Vol,  2.     IV.  Ceremonial  In"*!!- 

tutions.     V.   Political  Institutions. 

8.  The  Principles  of  Sociology.     Vol.  3.     VI.  Ecclesiastical  In- 

•rtilutions.       VII.    Professional     Institutions.       VIII.    Iniluvuiil 
Institutions. 

9.  The   Principles    of    Ethics.     Vol.  i.     I.  The  Data   of  Ethics 

II.  The   Inductions  of  Ethics.     III.  The  Ethics  of  Indixidua. 
Life. 

10.  The  Principles  of  Ethics.  Vol.  2.  IV.  The  Ethics  of  SxtiaI 
Life  :  Justice.  V  The  Ethics  of  Social  Life  :  Negative  Heneti. 
cence.     VI,    The  Klhics  of  Social  Life:   IN.sitive  Hencficrncc 
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WORKS   OF   THOMAS   R  HUXLEY. 


Physiography. 

An  Introduction  to  the  Study  of  Nature.     With  Illus- 
trations and  Colored  Plates.     i2mo.     Cloth,  $2.50. 

Essays  upon  Some  Controyerted  Questions. 

i2mo.     Cloth,  $2.00. 

In  this  volume  Professor  Huxley  has  brought  together  a  number  of  his 
more  important  recent  essajrs,  and  has  added  certain  new  matter.  Among  the 
topi's  aiscussed  are  "Mr.  Gladstone  and  Genesis,"  "The  Evolution  of 
Theology."  "Science  and  Pseudo-Science/'  **  Agnostidsro,"  and  "The  Rise 
and  Progni*  of  Paleontology." 

The  Crayfish.    An  Introduction  to  the  Study  of 
Zoology. 

With  82  Illustrations.     i2mo.     Cloth,  Si. 75. 

The  object  of  Professor  Huxley's  new  book  is  to  afford  an  opportunity  to 
students  to  commence  the  study  of  zoology  by  means  of  a  careful  verification 
of  nearly  all  that  is  known  concerning  a  single  animal,  the  common  crayfish. 
The  book  is  properly  termed  an  "  Introduction  to  Zoology." 

On  the  Origin  of  Species ;  or,  The  Causes  of  the 
Phenomena  of  Organic  Nature. 

i2mo.     Cloth,  $1.00. 

American    Addresses;    with   a   Lecture    on    the 
Study  of  Biology. 

i2mo.     Cloth,  $1.25. 

A  Manual  of  the  Anatomy  of  Vertebrated  Animals. 

Illustrated.     i2roo.     Cloth,  $2.50. 

A     Manual    of   the    Anatomy    of    Invertebrated 
Animals. 

Illustrated.     liino.     C'loth.  $2.50. 

"  My  object  in  writing  the  book  has  been  to  make  it  useful  to  those  who 
wish  to  biHTome  acquainted  with  the  broad  outlines  of  what  is  known  of  the 
morphology  of  the  InverUbrata.'"  -  Tkg  Author, 

Lay  Sermons. 

i2mo.     Cloth,  $1.75. 
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The  Races  of  Europe. 

A  Sociological  Study.  By  William  Z.  Ripley,  Ph.  D., 
Assistant  Professor  of  Sociology,  Massachusetts  Institute 
of  Technology  ;  Lecturer  in  Anthropology  at  Columbia 
University,  in  the  City  of  New  York.  Crown  8vo,  Cloth  ; 
650  pages,  with  85  Maps  and  235  Portrait  Types.  With  a 
Supplementary  Bibliography  of  nearly  2,000  Titles,  sepa- 
rately bound  in  Cloth,  issued  by  the  Boston  Public  Library. 
178  pages.     Price,  $6.00. 

"  One  of  the  most  important  works  of  the  yemr.'* — Xrw  Yerk  Mmi! 
and  Express, 

•*  An  important  work  in  the  dommin  of  anthropol.»gy  and  a  IkwW  of 
supreme  interest  at  the  present  moment." — Chicago  Times- Hrrali. 

"  Not  only  a  profound  sociological  study  but  a  scholarly  contri- 
bution to  the  science  of  anthropology  and  ethnology  by  an  eminet.t 
authority."— /'/*i7.7<i^-^/*iV2  Press. 

"Will  win  the  approval  of  all  thoughtful  readers;  and  the  care, 
patience,  skill,  and  knowledge  with  which  it  is  planned,  and  the  Highly 
satisfactory  manner  in  which  the  plan  is  carried  out,  call  for  the  very 
highest  praise." — Boston  Saturday  Exfening  Gazette. 

"One  of  the  most  fascinating  sociological  and  anthropologKal 
studies  that  have  been  offered  of  late  to  the  public.  .  .  .  The  book  i> 
one  to  be  studied  with  care,  and  it  is  a  pleasure  to  commend  it  as  in«>^t 
helpful  to  sociological  students." — Chicago  Evening  Post. 

**  A  valuable  and  interesting  bo<ik.  .  .  .  Will  attract  the  attention 
of  all  students  of  anthropology  and  all  its  kindred  subjects  While  it 
will  most  deeply  interest  advanced  scholarly  readers,  it  at  the  vame 
time  abounds  in  value  for  those  not  among  the  learned  classes/'  — 
Chicas[o  Inter-Ocean. 
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^Destined  to  take  rank  as  one  of  the  two  or  three 
most  remarkable  self-portrayak  of  a  human  life  ever 
committed  to  posterity*^ 

— Franklin  H*  Giddings,  LL.D.,  in  the  Independents 


An  Autobiography  by  Herbert  Spencer. 

With  Illustrations.  Many  of  them  from  the 
Author's  Own  Drawings.  Cloth,  8vo.  Gilt  Top. 
Two  vols,  in  a  box,  $5.50  net.  Postage,  40  cents 
additional. 

**  It  is  rare,  indeed,  that  a  men  who  has  so  profoundly  influeoced  the 
Intellectual  development  of  his  age  and  generation  has  found  time  to 
record  the  history  of  his  owu  life.  And  this  Mr.  Spencer  has  done  so 
simply,  so  frankly,  and  with  such  obvious  truth,  that  it  is  not  surprising 
that  Huxley  is  reported  as  having  said,  after  reading  it  in  manuscript, 
that  it  reminded  him  of  the  '  (Toniessions '  of  Rousseau,  freed  from  every 
objectionable  taint.** — Nfw  York  Globe. 

**  As  interesting  as  fiction  ?  There  never  was  a  novel  so  interesting 
as  Herbert  Spencer  s  'An  Autobiography*."— AVw  York  Herald, 

**  It  is  rich  in  suggestion  and  observation,  of  wide  significance  and 
appeal  in  the  sincerity,  the  frankness,  the  lovableness  of  its  human  note." 

— AVw  York  Mail  and  Excess, 

**  The  book,  as  a  whole,  makes  Spencer's  personality  a  reality  for 
ns,  where  heretofore  it  has  been  yaguer  than  his  philosophical  abstrac- 
tioos,"-^<?^if  WkiU  Chadwick  in  Current  Literature. 

**  In  all  the  literature  of  its  class  there  Is  nothing  like  it.  It  bears 
the  same  relationship  to  autobiographical  productions  as  Boswell's  '  Life 
of  Johnson '  bears  to  biographies." — PAiladel^kia  Press, 

"  This  book  will  always  be  of  importance,  for  Herbert  Spencer  was 
a  great  and  original  thinker,  and  his  system  of  philosophy  has  bent  the 
thought  of  a  generation,  and  will  kebp  a  position  of  commanding  interest" 

—Joseph  Cf  Connor  in  the  New  York  Tiwus 

'*  Planned  and  wrought  for  the  purpose  of  tracini;  the  events  of  his 
life  and  the  growth  of  his  opinions,  his  autobiography  does  more  than 
that.  It  furnished  us,  hhlf  unconsciously,  no  doubt,  a  more  vi^jd  por. 
traiture  of  his  peculiarities  than  anv  outsider  could  possibly  provide. 
We  pity  his  official  biographer!  Little  can  be  left  for  him.  Here  we 
have  Spencer  in  habit  as  he  was." — New  York  L  vemng  Fo^U 
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REUVnSdENCES  OF  A  SOENTBT 


The  Autobiography  of  Joseph  Le  Conte. 

With  portrait     i2ma    Cloth,  $1.25  net 

Professor  Le  Conte  was  widely  known  as  a 
man  of  science,  and  notably  as  a  geolog^ist  H  is 
later  years  were  spent  at  the  University  of  Cali- 
fornia. But  his  early  life  was  passed  in  the  South ; 
there  he  was  bom  and  spent  his  youth ;  there  he 
was  living  when  the  civil  war  brought  ruin  to 
his  home  and  his  inherited  estate.  His  reminis- 
cences deal  with  phases  of  life  in  the  South  that 
have  unfailing  interest  to  all  students  of  American 
history.  H  is  account  of  the  war  as  he  saw  it  has 
permanent  value.  He  was  in  Georgia  when 
Sherman  marched  across  it.  Professor  Le  Conte 
knew  Agassiz,  and  writes  charmingly  of  his 
associations  with  him. 

"Attractive  because  of  its  unaffected  simplicity  and  directness." — 
Chicago  Chronicle, 

•'  Attractive  by  virtue  "f  its  frank  simplicity.** — Xcw  Yorh  Evening 
Post 

"  Well  worth  reading  even  if  the  reader  be  not  particularly  interested 
in  geology." — Xew  York  American. 

"  This  story  of  a  beautiful,  untiring  life  is  worthy  of  consideration  by 
•very  lover  of  truth." — St,  Pani  Despatch. 
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